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CAST-IRON MAGNETS. 

At.a recent meeting of the American Academy of Arts and 
Sciences, Professor B. O. Peirce contributed a paper dealing with 
magnets made of hardened cast iron. For six or seven years 
Professor Peirce has been experimenting with such magnets, 
with a view to determining whether they might be used as a 
convenient substitute for special steel magnets. His results show 
that while the cast-iron magnets can not be made as strong as 
the best steel magnets, they are, nevertheless, exceedingly satis- 
factory. A-great advantage of this kind of magnet is that it 
may be easily cast into any desirable shape. The objection to 
the steel magnets is the necessity of forging them to shape, which 
makes them not only expensive, but requires much skill. 

The hardened cast-iron magnets have a satisfactory per- 
manence, and are more easily made of uniform strength than. is 
true for the steel, and they are as strong, magnetically, as the 
average steel magnet. Afiter they have been properly hardened— 
a process requiring some care, but not particularly difficult— 
they are unaffected by any ordinary treatment. Indeed, some 
of them have been subjected to severe jarring and hammering 
without being weakened.” Doubtless, now that the reliability 
of cast-iron magnets has been shown, they will come into general 
use. 


SURGES IN A LARGE POWER SYSTEM. 
On_another page of this issue appears an abstract of the 
important paper on “High-Power Surges in Electrical Dis- 
tribution Systems of Great Magnitude,” which was read by 
Dr. Charles P. Steinmetz at the recent convention of the Ameri- 
can Institute of Electrical Engineers. The paper explains the 


accident which called it forth, which was one that happened 


on the distributing system of the Manhattan Railway in New 
York during the early days of its electric operation. A warn- 


ing of trouble was given to the operators by so-called static 


discharges at the substations. Before the trouble could be 


located a short-circuit occurred on one of the feeders. This pro- 


duced enormous current surges in the system, which short- 


circuited a generator, threw it out of commission for two 


weeks, burned out thirteen cables, and shut down the entire 


station. It is estimated by Dr. Steinmetz that during the dis- 
turbance the pressure on the system rose from 11,000 normal 
to about 119,000 volts between lines; that the. surging cur- 
rent was about 9,000 amperes, and that the energy concen- 
trated in the short-circuiting are was about 100,000 kilowatts. 
This, 


an amount of energy equal to that set free by 


he says, lasting for only one-tenth of a second, liberates 
the. explosion 
of half .a pound of dynamite. In fact, the explosion which 
took. place when the short-circuit occurred tore off the insu- 
lation and the protective coverings of the cable. 

In brief, the following is Dr. Steinmetz’s explanation of 
a weak point developed in one of the 11,000- 
This 


since it was.a discharge of 


the occurrence: 
volt cables, which finally gave way, and a spark passed. 
spark was oscillating in character, 
a circuit containing inductance and capacity. The power 
involved in the discharge was slight, and the frequency rather 
high ; 


play at the substations. 


and it was this fault which gave rise to the statie dis- 
The persistence of this spark finally 
broke down the insulation so that a short-circuit occurred and 
conductor to conductor, 


a heavy current flowed across from 


causing the are. On account of the resistance and inductance 
of the circuit this heavy current caused the potential at the 
are to fall so low that it was no longer able to maintain the 
are. The 
the sudden cheeking of the current the voltage rose again 
and reestablished the arc, 
This reverse current persisted for .a suffi- 


are immediately was extinguished, but owing to 


the current flowing, however, in the 
opposite direction. 
cient time until the voltage at the are had again fallen so 
low that the latter went out, and the process was repeated. 
In fact, the are behaved as, an enormous interrupter, acting 
on the same principles employed in the electrolytic interrupters. 
flat-topped current waves and voltage 


Due to this action, 


waves were caused to flow over the system, one wave following 


another regularly, the whole. disturbance having a definite, fre- 
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quency. The trouble was only stopped by the final shutting 
down of the entire station. 

If this be the true explanation of the trouble a new 
phenomenon must be recognized in dealing with electrical dis- 
tribution systems. We have elaborately worked-out theories of 
what is going on in such systems, but as was pointed out at 
the meeting, we know too little of what actually does take 
place. We have recognized heretofore two important fre- 
quencies in electrical systems—that which is impressed by the 
generating apparatus and its odd harmonics, which however 
are usually of little importance, and that which is the natural 
period of oscillation of the system. Dr. Steinmetz says that we 
must now be prepared to deal with a third, which may be brought 
about by occurrences similar to that described; and there is 
virtually a fourth. The flat-topped waves of a definite fre- 
quency, described by Dr. Steinmetz, have steep fronts which 
were changing, in the instance described, at a rate correspond- 
ing to a frequency possibly as high as 200,000 cycles per 
second, 

Such disturbances may not be easy to prevent, but once the 
The 
methods adopted for preventing a recurrence of this trouble 
were described by Mr. H. G. Stott. 


system was connected to ground, thus limiting the difference 


cause is recognized the battle is more than half won. 
The neutral point of the 


of potential between any conductor and the ground, and resist- 
ances were placed in series with the lead sheaths, so as to limit 
the current which would flow under these conditions, should 
a short-circuit occur. As the trouble undoubtedly started in 
a manhole, and no cables in the ducts were injured, the cables 
in the manholes have been wrapped with asbestos cloth and 
covered with a steel tape so as to prevent the formation of 
open arcs. Since then the trouble has not recurred; although 
short-circuits have taken place. The case is an exceedingly 
instructive one, dealing as it does with one of the greatest 
city railway systems in the world. 
happenings may take place on even the best planned and regu- 
lated systems. At ithe same time, it inspires greater respect for 
That 
energy could range at will throughout such a system, and not 


electrical apparatus. such an enormous amount of 


cause more damage than did take place, is indeed remarkable. 





THE LARGEST HYDROELECTRIC STATION AT 
NIAGARA FALLS. 


On several occasions the work of developing the hydraulic 
power of Niagara Falls has been chronicled in papers read before 
One of these 
occasions was at the recent Asheville convention, when Mr. 


the American Institute of Electrical Pngineers. 


P. N. Nunn described the plant of the Ontario Power Company, 
the largest of the three Canadian works now in course of erec- 
tion. This paper we publish on another page of this issue. 
From it will be seen that many original problems have been met 
and solved, and that the method adopted by the Ontario Power 
Company for utilizing the hydraulic head and developing elec- 


tric power differs strikingly from any other development in that 


locality. It approaches more nearly in the method of utilizing 


It shows what unexpected . 
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the head of water the system used by the Niagara Falls 
Hydraulic Power and Manufacturing Company on the Ameri- 
can side of the river. The latter station, it will be remembered, 
availed itself of the hydraulic canal which already existed at 
Niagara Falls, and erected a power-house in the gorge, con- 
necting this with the hydraulic basin on the cliff above by means 
of vertical steel penstocks. In the power-house horizontal tur- 
The Ontario Power 
Company, which has adopted pretty much the. same scheme, 


bines drive direatly the large generators. 


It was therefore forced 
to. build what is in effect a covered canal, which consists of three 


could not, however, use an open canal. 


iron pipes eighteen feet in diameter, laid in the ground. 

The power-house is placed in the gorge just. below the Horse- 
shoe fall. Water is delivered from the three pipes or conduits 
to the turbine chambers below by means of penstocks carried 
down at an angle through tunnels cut in the cliff. Within the 
power-house, as is true of tthe American plant, horizontal tur- 
bines have been adopted, which will drive through direct 
connection the alternators. 

The analogy between the two plants ends here, for in the 
Canadian power-house, which is much larger than the American, 
conditions call for a different size of unit and an entirely dif- 
ferent arrangement. ‘The equipment of the power-house is 
made up of 10,000-horse-power units, and the ultimate number 
This, when completed, will be 
by far the largest hydroelectric installation in the world. It 


of these will be twenty-two. 


will, in fact, be four times as great as the original plant of the 
Niagara Falls Power Company, and will be about twice as large 
as the two plants now operated by that company. 

The adoption of horizontal turbines brings the generators 
down in the gorge, where there is a great deal of moisture. 
This, while not a serious objection in the generating room, might 
give trouble in the switch-house; and this, as well as other rea- 
sons, has led to the separation of the switch-house and combining 
it with the raising transformers so as tto form a distributing 
house separated entirely from the generating house, and placed 
above on the cliff. This is going a step further in the separation 
of the sections of the plant than has been done heretofore. It 
will be remembered that attention has been called to tthe gradual 
separation of the switchboard from the generating room. In 
the case of the L street station of the Boston Edison Electric 
illuminating Company, the switch-house is a distinct unit, 
although it adjoins the turbine house and has communicating 
doors. In operation, however, the two are run as distinct depart- 
ments of the power-house. In the Ontario Power Company’s 
plant the distributing station is separated entirely from the 
generating station. To it the leads from the generators, the field 
rheostats and the speed-controlling device used in synchronizing 
are carried through tunnels. Communication can be had only 
by means of the telephone, and except in so far as the. operator 
at the distributing station will control the voltage of the genera- 
tors, the two units are separated almost as completely as a 
generating station and its substations. The operation of this 
arrangement will be watched closely. 

To control this enormous plant two chief operators are 
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required—one at the generating station, where his position will 
be well above the floor, enabling him to overlook the entire plant ; 
und the other at the distributing station, where the controlling 
apparatus is collected. At the latter station it is, of course, 
impossible to overlook ithe apparatus. In fact, the greater part 
of it is shut up in fireproof vaults; but the controlling switches 
and. instruments are collected in a comparatively small room 
which, as Mr. Nunn says, corresponds to the brain of the elec- 
trical system. Here the chief operator of this section of the 
plant will be stationed. 

There are many interesting features in the details of the 
design of this installation. Voltage and current readings must 
lx; made from a distance. There are long conductors between 
the generators and the bus-bars. As a prevention against fire, 
ihe distributing station is separated into five sections by means 
of fireproof walls. Another precaution against fire is the pro- 
vision of cold oil for replacing the oil in any transformer which 
might eateh fire. Cold oil will be introduced at the bottom, and 
force out the hot, burning oil at the top, thus driving out the 
fire with it. This arrangement should be effective in extinguish- 
ing a fire, and it avoids the undesirable introduction of water 
into the transformer case as has been proposed. These are only 
a few of the points which are brought out in Mr. 
Nunn’s interesting paper. 








MECHANICALLY OPERATED DOORS FOR RAILWAY CARS. 

It has been announced that mechanical operation of the 
side doors of the cars now used in the Boston subway will 
be adopted. At the present time these side doors are used 
only during the rush hours and they call for an attendant 
for each car, at each station, where they are used. The plan 
proposed to avoid this expense is to move these doors by com- 
pressed air, the mechanism being controlled by one of the 
guards on the car. This announcement was followed by the 
suggestion that a similar plan be put into service in New York. 

However pleasing such a plan might seem on paper, there 
would be some serious objections to putting it into service 
under the conditions prevailing in New York. There is no 
question that the doors may be opened and closed satisfactorily 
by compressed ‘air so far as the door alone is concerned. The 
mere opening and closing of the doors is but a small part of 
the duties of the train guard. One of his duties, though it 
may not always be performed satisfactorily, is to see that the 
crowds leave and enter the cars so as to avoid delay, as far 
as possible. Amother is to prevent accidents to passengers 
and to see that the gates are closed before the train starts. 
Neither of these duties could be performed at two doors at 
once, and with a crowded car there would always be danger 
of closing the door upon some person, with a possible injury. 
The risk of mashing fingers would not be small, and there 
would be danger of catching the clothing of some person on 
the platform. At the present time it has been found necessary 
in the subway to reenforce the train guards with station assist- 
ants, and there is no reason to hope that a guard will be able 
to do, at a distance of thirty feet, what it has been found 
impossible for him to do at hand. There is no doubt that side doors 
on the subway cars—and elevated cars, for that matter—would 
assist much in facilitating the exit and entrance of passengers, 
but this additional facility is needed during rush hours only, 
and at such times it is absolutely essential to have an official 
stationed at every door. This being the case, he might as well 
open the door, so there seems to be no necessity for a mechanical 
opener. 
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THE METHOD OF MAKING TANTALUM FILAMENTS. 

At a recent meeting of the German Bunsen Society, a report 
of which will be found on another page of this issue, Dr. W. 
von Bolton gave some interesting details in regard to the 
method of manufacturing tantalum filaments for use in the 
new German incandescent lamp. As has been stated before, 
although the metal tantalum is at the present time somewhat 
of a curiosity, the sources from which it can be obtained are 
not scarce, and with sufficient demand for tantalum-bearing 
ore, this material may become cheap. However, it is not easy 
to extract the metal from the ore and obtain it in a condition 
The method now 
followed is, in brief, to prepare a mixture of tantalum fluoride 


pure enough for use as a lamp filament. 


and potassium fluoride which is reduced by potassium, the 
product being subjected to fractional distillation. The resulting 
mass of tantalum can be drawn and treated as an ordinary 
metal. The process is not easy, and it would seem to be some- 
what expensive. In fact, it is doubtless this process which 
will control the price of the tantalum lamp, the cost of the 


ore being slight. In other words, the crude material is cheap, 


but the refined product is expensive. 

Given the pure metal, there would seem to be no great diffi- 
culty in drawing fine wires. In fact, it is said that wires 
not more than 0.03 of a millimetre in diameter may be drawn 
successfully. A wire of this size might make it possible to 
construct a 110-volt or even a 220-volt lamp without having 
to roll up too many yards of it within the globe. But such 
a frail filament would seem to lack greatly a ‘certain desirable 
—in fact, necessary—amount of mechanical strength, which 
would enable it to bear transportation and more or less jarring 
without going to pieces. Further, it is doubtful whether such 
very fine wire can be drawn accurately to a given diameter. 
Variations in thickness which would be immaterial in a larger 
wire would be vital for this spider web, and the phenomenon 
of the metal drawing into knots, which has been described, 
would probably take place in an exaggerated form. It has not 
yet been explained whether this effect is due to impurities in 
the wire, which are volatilized, or whether it is due to surface 
tension of a highly heated filament. If the former be the 
trouble it will doubtless be overcome. If the latter be the 
case, the finer the wire the more trouble may be expected from 
this source. 

The latest tests‘of this lamp mentioned by Dr. von Bolton 
verified those already published. . The. lamp operates with 
reported satisfaction at 1.5 watts per Hefner candle, or a little 
over 1.7 watts per English candle. This is better than any 
carbon lamp is doing at the present time, but whether it is 
done at too great a sacrifice remains to be seen. 

As yet the method of adjusting these lamps has not been 
described. Undoubtedly metallic wire can be drawn and cut 
into lengths which will give more approximately a uniform 
resistance than can be done with the carbon filament as at 
present formed; but an ingenious and delicate method of 
adjusting the carbon filament to its final resistance has been 
devised, and it would seem that some such process will be nec- 
essary for the tantalum lamp, as it is too much to hope that 
the filament, if drawn to standard size and cut to standard 
lengths will be sufficiently close to the desired condition to call 
for no further treatment. 
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The National Electrical Contractors’ Association. 





National Convention to Be Held at Boston, Mass., July 19, 20 and 21—Electrical Exhibition, July 15-22. 


National Electrical Contractors’ 

Association will be held at the 
Mechanics’ Hall Building, Boston, 
Mass., July 19, 20 and 21. Ar- 
rangements for what will probably be the 
most successful convention the association 
has ever held have been completed, and as 
the passenger associations thoughout the 
country have made special rates for trans- 
portation, it is expected that a very large 
delegation will be present. 

A feature of the convention, following 
the precedent inaugurated at the last meet- 
ing, will be the open session on Wednes- 
day morning, July 19. At ten o’clock the 
address of welcome to the members and 
guests will be made by F. L. Barnes, 
president of the Massachusetts Electrical 


i HE fifth annual convention of the 





ERNEST McCLeaRY, PRESIDENT NATIONAL 
ELECTRICAL CONTRACTORS’ ASSOCIATION. 


Contractors’ Association. The address of 
welcome on behalf of the state will be 
made by Governor W. 8. Douglas. The 
address of welcome to the. city will be 
made by Mayor P. A. Collins. 

Mr. Ernest McCleary, president of the 
National Electrical Contractors’ Associa- 
tion, will respond. . 

Mr. Charles L. Eidlitz, of. New. York 
city, will deliver an address entitled “The 
Electrical Contractor.” The following 
addresses will also be made: “The Jobber 
and the Manufacturer,” A. L. Gorham, 


general manager of the Manhattan Elec-. 


trical Supply Company, New York city; 
“The Underwriter,” F. E. Cabot, of Bos- 





ton; “The Relations of Inspector and 
Contractor,” by J. P. Kennedy, commis- 
sioner of wires, of Boston. 

An executive session of the association 
will be held on Wednesday afternoon, and 
at 6 p. M. the annual dinner will be given 
to the members of the association. 

Thursday morning will be given up to 
a business session. On Thursday after- 
noon there will be a sail down the harbor 
to Paragon Park. Free passes will be 
given to all shows. 

Friday morning and afternoon will be 
devoted to business sessions, and arrange- 
ments have been made for the session con- 


tinuing on Saturday if the convention has . 


not already adjourned. 

A ladies’ committee of some thirty mem- 
bers has been appointed to have charge of 
the entertainment of the lady visitors of 
the association. Visits will be made to 


Concord, Lexington, Bunker Hill, Har- . 


vard and other interesting places in and 
around Boston. 

The International Electrical Exhibition 
which will be held in the Mechanics’ 
Building, July 15 to July 22, will open 
on Saturday evening, July 15, with a 
musical programme by Reeves’s American 
Band. The reception committee will be 
at headquarters Saturday, Sunday and 
Monday, and will undertake the reception 
of the special trains due from New York 
and the West Tuesday afternoon and 
evening. In addition to the exhibits of 
electrical appliances there will be a num- 


ber of special features showing the spec- . 


tacular side of. electrical development. The 
exhibition space has been rapidly taken, 
and a notable list of exhibitors has already 
been scheduled. Among the companies 
which will have booths at this exhibition 
are the following: 

American Electric Novelty Manufac- 
turing Company, New York. . 

American Circular Loom Company, 
Chelsea, Mass. 

American Electric and Controller Com- 
pany, New York. 

_American Electric Sign Company, Bos- 
ton, Mass. , 

Automatic Electric Train and Station 
Annunciator Company, Lexington, Mass. 

Appleton Electric Company, Bridge- 
port, Ct. 

Bryant Electric Company, Bridgeport, 
mm ., 

Benjamin Electric Company, New 
York. 


» 


Booth & Company, Boston, Mass. 

Bova, L. E., Boston, Mass. 

Couch, S. H., Company, Boston, Mass. 

Couch & Seeley Company, Boston, 
Mass. 

Cotton, Chas. A., Boston, Mass. 

Chase-Shawmut Company, Boston, 
Mass. 

Condit, S. B., Jr., Electrical Company, 
Boston, Mass. 

Dale Company, New York. 

De Veau Telephone Company, New 
York. . 

Dossert & Company, New York. 

Delaware Hard Fibre Company, Wil- 
mington, Del. 

Dorn, Philip, Boston, Mass. © 

Electric Gas Lighting Company, Bos- 
ton, Mass. 





W. H. 
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Economical Electric Lamp Company, 
New York. — . 

Eastern Carbon Works, Jersey City, 
iF . 

Electro-Dynamic Company, Bayonne, 
|. a A 

EvLectricaL REviEw, New York. 

Edison Electric Illuminating Company, 
Boston, Mass. 

Eastern Electric Cable and Wire Com- 
pany, Boston, Mass. 

Elm City Engineering Company, New 


j Haven, Ct. 


Erickson Electric Equipment Company, 
Boston, Mass. 
Forg, Peter, Somerville, Mass. 
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Felkin, A. C. & M. L., Boston, Mass. 
General Electric Company, Boston, 
Gleason, John L., Jamaica Plain, Mass. 

Gould Storage Battery Company, Bos- 
ton, Mass. 

Greenwood & Daggett Company, Bos- 
ton, Mass. 

Homes Manufacturing Company, New 
York. 

Harvey Hubbell, Bridgeport, Ct. 

Hill, W. W., Electric Company, New 
8edford, Mass. 

Johnson & Morton, Utica, N. Y. 

Johns-Manville Company, H. W., New 
York. 
Knowles, C. 8., Boston, Mass. 

McKenney & Waterbury Company, Bos- 
ion, Mass. 

Mullin, Colman J., Brooklyn, N. Y. 

Manhattan Electrical Supply Company, 
New York. 

Minimax Company, Boston, Mass. 

Marshall Electric Manufacturing Com- 
pany, Boston, Mass. 

Miller Anchor 
Ohio. 

National Carbon Company, Cleveland, 
Ohio. 

Ovington 
Boston, Mass. 

Pass & Seymour, Solvay, N. Y. 

Pettingell-Andrews Company, Boston, 
Mass. 

Proctor-Raymond Manufacturing Com- 
pany, Detroit, Mich. 

Poole, J. W., Columbia street, Boston, 
Mass. 

Renim Specialty Company, 
Mass. 

Ridgway Dynamo and Engine Com- 
pany, Boston, Mass. 

Roebling’s, John A., Sons Co., New 
York. 

Steel City Electric Company, Pitts- 
burg, Pa. 

Safety Armorite Company, New York. 

Smith Premier Typewriter Company, 
Boston, Mass. 

Sprague Electric Company, New York. 

Swazey & Smith, Boston, Mass. 


Company, Norwalk, 


Manufacturing Company, 


Boston, 


Stuart-Howland Company, Boston, 
Mass. 
Simplex Electric’ Company, Boston, 


Mass. 

Starbuck-Sprague, Boston, Mass. 

Trumbull Electric Manufacturing Com- 
pany, Plainville, Ct. 

Valentine Electric Sign Company, At- 
lantie City, N. J. 

Westinghouse Electric and Manufactur- 
ing Company, Boston, Mass. 

Wireless Railway Company, Philadel- 
phia, Pa. 

White, 0. C., Worcester, Mass. 
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The following committees are in charge 
of arrangements: 

Executive committee—J. P. Coghlin, 
chairman; A. T. Sampson, secretary; H. 
S. Potter, treasurer; S. B. Wetherbee, H. 
O. Holder. 

Reception committee—F. L. Barnes, 
chairman; E. A. Swan, H. F. Sawyer, P. 
S. Deane, R. H. Hallowell, G. E. Brigham, 
P. A. Coghlin, H. D. Temple, P. V. 
Latour. 

Exhibition committee—J. P. Coghlin, 
chairman; A. T. Sampson, secretary; F. 
L. Barnes, treasurer; T, T. Kelly, F. A. 
Richardson, C. I. Campbell. 

Entertainment committee—s. B. 
Wetherbee, chairman; F. W. Lord, E. G. 
Lewis, F. A. Richardson, T. P. Curtis, H. 
D. Temple, I. L. Mattson, A. H. Andrews, 
D. H. Fisher, T. T. Kelly, H. S. Potter, 





Mr. J. P. CoaHiin, CHAIRMAN EXECUTIVE 
CoMMITTEE., 


F. Bryant, H. M. Lobdell, M. M. Jacobs, 
J. A. Cole. 

The manager of the exhibition is 
Chester I. Campbell, 5 Park Square, 
Boston, Mass. 








Canadian Water Powers. 

By the permission of the Hon. Clifford 
Sifton, Minister of the Interior, Ottawa, 
Canada, a valuable booklet has been issued 
entitled “The Geography of the Dominion 
of Canada and Atlas of Western Canada.” 
In addition to the usual topographical and 
physical descriptive matter, supplemented 
by numerous colored maps, some valuable 
data are given concerning a few examples 
of Canadian water powers. In Sault Ste. 
Marie the largest pulp mill in Canada 
and a number of important industries are 
operated by electricity developed at the 
local rapids. One hundred and seventy- 
five thousand horse-power has been de- 
veloped thus far. At Rat Portage, 100 
miles east of Winnipeg, a dam across the 
Winnipeg river gives a head of twenty 


sl 


feet, with a storage area (the Lake of the 
Woods) of about 2,000 square miles. In 
time not only Rat Portage and its mills, 
but Winnipeg and other places, with their 
industries, will be supplied with power 
from these works, which have a capacity 
of about 30,000 horse-power. 

At Niagara Falls extensive power com- 
panies and many large chemical industries 
have been established, with an aggregate 
capital of $20,000,000. Up to 1903 about 
$3,000,000 had been expended by three 
companies that have franchises for power 
development. The completion of the 
works to produce the full power author- 
ized—424,000 horse-power—will involve 
an additional expenditure of $17,000,000, 
making ithe total invested capital $30,000,- 
000. 

Large electrical works have been con- 
structed at the Lachine rapids, just above 
Montreal, and at Chambly, on the Riche- 
lieu river. These plants supply electricity 
for the operation of street railways and 


for domestic and street lighting in 
Montreal. The streets of Quebec are 


lighted and the street railway operated by 
electricity generated from Montmorency 
falls. Thirty thousand horse-power has 
been developed at Shawinigan falls, on 
the river St. Maurice. The Chaudiére, 
at Ottawa, with a fall of about forty feet 
at low water, has been used for many 
years for driving mills, pumping the city 
water supply, and generating electricity 
for lighting and for operating the street 
railway. Eight thousand horse-power has 
been developed here, while another 1,000 
horse-power has been developed at rapids 
five miles below the city. Twenty-seven 
miles further up, at the Chats falls, there 
are magnificent water powers. Within a 
radius of fifty miles from Ottawa, the 
capital of the Dominion of Canada, there 
is an available water-power energy equiva- 
lent to 900,000 horse-power. 

It is estimated that the St. Lawrence 
system places 10,000,000 horse-power at 
the disposal of Canadian industry. The 
power at Niagara Falls is estimated at 
5,500,000. 

A commission has been appointed by 
the Ontario government to investigate the 
question of electric power development. 
The committee includes the Hon. Adam 
Beck, of London, Ont.; George Pattinson, 
Preston, and P. W. Ellis, Ontario. 

The Canadian Pacific Railway extends 
from St. John to Montreal, and then 
across the whole of Canada to Vancouver 
on the Pacific coast. Between Montreal 
and Vancouver there are over 400 stations. 
These include Ottawa, the capital; Fort 
William, Port Arthur, Rat Portage, 
Winnipeg, Portage la Prairie, Brandon, 
Regina and Calgarie. The system has a 
mileage of 7,434 miles, and is the only 
transcontinental railway in America under 
a single management. Mr. C. E. E. 
Ussher, of Montreal, general passenger 
agent of the eastern lines, has considered 
the “Geography” issued by the Minister 
of the Interior of sufficient importance to 
undertake a special distribution as a vital 
factor in the understanding and develop- 
ment of Canadian resources. 
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A Large Electric Power System in 
Scotland. 

The Clyde Valley Electric Power Com- 
pany was incorporated in 1901 to supply 
the large engineering field of the Clyde 
valley, Scotland, with electric power. 
The area covered by this company ex- 
tends along the Clyde valley from Craig- 
endoran and Port Glasgow on the west 
to Lanark and Shotts on the east. The 
district comprises about 750 square miles, 
and in it is the most important manu- 
facturing and coal-producing district in 
Scotland. The power company was estab- 
lished mainly for supplying power to the 
various engineering industries. However, 
it has accepted the contract for lighting 
the burg of Clyde Bank, for which pur- 
pose a special plant has been installed. 
The company does not as yet supply light 


or power to the city of Glasgow nor to a 


large number of other more or less im- 
portant burgs within its district. 
generating stations have been 
crected. One of these is at Yoker, five 
miles west of Glasgow, and the other is 
at Motherwell, fifteen miles to the east 
of the city. The two stations are practi- 
cally identical in equipment, except that 
at the former station the available supply 
of water from the Clyde river allowed a 
different condensing arrangement to be 
adopted. The Motherwell station secures 
its water for condensing purposes by 
means of electrie pumps which lift 140 
feet. The station is placed well above the 
level of the Clyde river. 

It will be sufficient to describe but one 
station. The boiler house of the Yoker 
station is 186 feet long and fifty feet 
wide. It contains at present four Bab- 
cock & Wilcox water-tube boilers with a 
heating surface of 4,400 square feet each, 
and with superheaters capable of raising 
the temperature of the steam 150 degrees 
Fahrenheit. The steam pressure used will 
he 165 pounds per square inch. The 
hoilers are also supplied with Green econo- 


Two 


mizers. The brick chimney is 225 feet 
high. The present boiler room allows 


for the installation of five additional 
boilers of similar size, and the ultimate 
plans of the station call for five additional 
boilers, which will bring the complement 
up to fourteen. The boilers are fitted 
with the Roney mechanical stoker, and a 
complete mechamical coal-handling plant 
has been installed. 

The engine room of the Yoker power- 
house at present contains two Westing- 
house steam turbines rated at 2,000 kilo- 
watts, with an overload rating of 3,000 
kilowatts. The turbines are of the double- 
flow type, in which the steam enters at 
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the centre and exhausts at the two ends. 
Each turbine contains about 20,000 blades, 
and runs at 1,500 revolutions per minute. 
To each is connected a Westinghouse 
2,000-kilowatt, 11,000-volt, twenty-five- 
cycle, three-phase generator of the rotat- 
ing field type. The turbines are oiled by 
gravity, the overflow of the bearings be- 
ing passed through coolers and returned 
to the storage tank in the roof of the 
boiler house. ‘The present engine room 
has space reserved for two additional units 
of similar rating, which will bring the 
total equipment of the station to 9,500 
kilowatts. The exciters are separate wnits, 
each being driven by a vertical compound 
Westinghouse engine. These machines 
also supply power for operating the vari- 
ous motors about the plant. 

The condensers are of the vertical sur- 
face type. Each has 6,250 square feet of 
cooling surface, and each is provided with 
a steam-driven, two-stage, dry-air pump. 
Cooling waiter is circulated by means of 
a steam-driven centrifugal pump placed 
in the basement of the building. This 
water is drawn from a large well to which 
it is fed from the river. The condensing 
water is delivered to the hot well by a 
centrifugal pump, electrically driven. It 
is drawn from the hot well by means of 
two steam-feed pumps, and is delivered to 
the boilers. The station contains a thirty- 
ton electric crane with a span of forty- 
two feet, which is operated by three mo- 
tors. 

The switching appliances are contained 
in three galleries at one end of the en- 
gine room. On the first two floors are 
placed the oi] switches and feeders. On 
the upper floor are the main bus-bars, 
placed in brick compartments, and the 
controllmg board. The Jatter is a small 
desk directly facing the various instru- 
ments; from it all the switches and aux- 
iliary devices can be controlled. 

At the Motherwell station a cooling 
tower has been installed for the condens- 
ing water. This is of the natural-draft, 
enclosed type. It is built entirely of 
wood, and has a capacity for cooling 
220,000 gallons of water per hour from 
120 degrees Fahrenheit to eighty degrees 
Fahrenheit, with an air temperature of 
seventy degrees Fahrenheit. At this sta- 
tion the condenser is of the barometric 
jet type, and is guaranteed to give a 
vacuum of 27.5 inches when dealing con- 
tinuously with 80,000 pounds of exhaust 
steam per hour, if supplied with 348,000 
gallons of circulating water per hour at 
a temperature of eighty degrees Fahren- 
heit. 

From the Yoker station six feeders are 
carried for supplying power to the dis- 
trict between Clyde Bank and Scotsdoun. 
They are all laid in duplicate to provide 
for accidents. The extra high-tension 
cables were supplied by the British In- 
sulated and Helsby Cables, Limited. Of 
these there are twenty miles of 0.15-square- 
inch, three-core cable operating at 11,000 
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volts. The cables are provided with a 
copper sheath laid on the insulation im- 
mediately under the lead cover. Approxi- 
mately half the cables are to be drawn into 
earthenware ducts, and the other half are 
to be laid on the solid system in U-shaped 
earthenware troughs. The cables will be 
supported oft bridge pieces, and the 
troughs filled with pitch and covered with 
tiles. The high and low-tension cables 
for the Clyde Bank district were sup- 
plied by W. T. Henley’s Telegraph Works 
Company. The high-tension cable is a 
0.06-square-inch, three-core, lead-covered 
cable with impregnated paper insulation, 
for a working pressure of 3,000 volts. It 
was tested to 10,000 volts for fifteen 
minutes at the maker’s works, and _ to 
5,000 volts for one hour after laying and 
joining. It was drawn into conduits. 
The low-tension cable is four-core, with 
three cores of 0.1-square-inch section, and 
the fourth core of 0.05-square-inch sec- 
tion. This is also insulated with impreg- 
nated paper, and lead-covered. These 
cables are for a working pressure of 400 
volts. They were tested at 2,000 volts 
at the works, and at 1,000 volts after lay- 
ing. The number of substations at present 
is ten for the Motherwell district and 
three for Yoker. The two districts will 
not be connected together at the present 
time. 





The Annual Meeting of the American 
Society for Testing Mat¢yials, 
Atlantic City, N.J., June 29 to 
July 1. 

The annual meeting of the American 
Society for Testing Materials was held at 
Atlantic City, N. J., on Thursday, Fri- 
day and Saturday, June 29, June 30, and 
July 1. The sessions of the convention 
were devoted mainly to the reading and 
discussion of reports of committees. On 
the evening of June 29 a joint meeting 
was held with the Society for the Promo- 
tion of Engineering Education, when 
President C. B. Dudley delivered the 
presidential address on the subject of 
“The Testing Engineer.” 

Sd 
Contract Let for United Engineering 
Building. 

The contract for the united engineer- 
ing building, which is to be occupied by 
the American Institute of Electrical En- 











-gineers, the American Society of Me- 


chanical Engineerseand the American In- 


. stitute of Mining Engineers, has been let 


to Wells Brothers Company, New York. 
The building is to be on West Thirty- 
ninth street. The contract is for the sum 
of $795,000; which does not include al- 
lowances for the steam-heating plant, for 
the electric wiring and other similar ac- 
cessories, but relates simply to the gen- 
eral construction of the edifice. The work 
of excavating the foundation is already 
in progress, and building will begin” 
shortly. It is expected that the building 
will be complete and ready for occupancy 
in October, 1906. 
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Proposed Municipal Electric Power Station for the City of New York. 


N FEBRUARY 10, 1905, the Com- 
0 mission on Electric Lighting for 
the City of New York, consisting 
of Dr. Cary T. Hutchinson, Mr. Nelson 
Pp. Lewis and Mr. George F. Sever, handed 
Mayor George B. McClellan Report A, 
giving the cost of construction and op- 
eration of an electric power plant and 
system of distribution for the boroughs 
of Manhattan and The Bronx, having a 
capacity sufficient to supply all the light- 
ing of streets, public places and public 
buildings that are now lighted by elec- 
tricity, and in addition, to substitute 
lichting by electricity for lighting by gas 
in all public buildings, that is, to 
e}iminate the use of gas entirely from the 
cily’s lighting, with the exception of the 
lighting of that part of the streets that 
ave now lighted by gas. 

Report B, which was submitted by the 
commission on June 19, includes, in ad- 
dition to that covered by Report A, plant 
and equipment to supply electric lighting 
for all the city streets, parks, buildings 
and publie places, to the entire exclusion 
o! gas, naphtha and other illuminants, in 

» boroughs of Manhattan and The 
ronx. At present 290 miles of streets 
ii Manhattan and the Bronx are lighted 
by electricity and 442 miles by gas or 
vuphtha,—a total of 732 miles. This re- 


15,000 are lights,—an increase of 9,000 
over the number included in Report A. 
Investigations have shown that the city 
is paying for electric service in a number 
of buildings that it rents. This, to- 
gether with the lights required in build- 





The commission believes that the 
costs given for the distribution sys- 
tem are probably somewhat excessive 
in that it has included a num- 
ber of very small groups of lamps at 
the ends of extremely long circuits, the 


ARCHITECTURAL Stupy OF PowER-HovusE PROPOSED BY THE COMMISSION ON ELECTRIC 


LIGHTING FOR THE City or NEw YORK. 


ings now under construction, such as the 
public library, and allowance for a num- 
ber of small motors used in various build- 
ings, increases the total sixteen-candle- 
power incandescent equivalent to approxi- 
mately 300,000. This report includes an 
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supply of which from this plant would 
be very uneconomical, and which prob- 
ably will not be included in the construc- 
tion. 

Recording wattmeters, installed in 
a number of public buildings for the pur- 
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port includes thé lighting by electricity 
of these additional 442 miles of public 
streets, which are now lighted to a great 
extent by Welsbach mantle lights, there 
being some 28,000 such lights now in 
use. This will require approximately 





1 Abstracted from Report B of the Commission on 
Electric Lighting for the City of New York. 


equipment of sufficient capacity to supply 
fifteen thousand 7.5-ampere arc lights, 
and a connected load of three hundred 
thousand sixteen-candle-power incandes- 
cent lights. 

The capacity of a central station re- 
quired for this work will be 15,000 kilo- 
watts. 


pose of determining the ratio of maxi- 
mum. load to connected capacity, have 
shown that this ratio is somewhat less 
than ‘the figure used in the previous re- 
port, and that it will amount, at the out- 
side, to not more than one-third of the 
connected load. 

"A canvass made of the number of electric 
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motors and gas engines used in the various 
public buildings indicates that these 
amount to a total of about 1,000 electric 
horse-power in motors in about 500 units, 
and 600 horse-power in gas engines in 
about 140 units. Of the electric motors 
more than 500 are fan motors, of not 
more than one-twelfth horse-power each. 





























ez =e x a 
Part Cross-SEcTION OF PowER-HOUSE WITH 

VERTICAL TURBINES. PROPOSED BY THE 

Commission ON Exectric LiGHTING FOR 

THE City OF NEw YORK. 

The estimates include the cost of substi- 
tuting motors for the old motors and for 
the gas engines. 

The general plan proposed in the re- 
port is the generation of the entire elec- 
tric supply in the form of alternating 
current, three-phase, at 11,000 volts, and 
sixty cycles, with one power station for 


Part PLAN OF PowER-HOUSE WITH VERTICAL TURBINES. 


the boroughs of Manhattan and The 
Bronx ; the delivery of this power to nine 
substations in Manhattan and five in The 
Bronx, by means of cables run under- 
ground in ducts, at 11,000 volts. Each 
substation will contain the transformers 
for operating the series arc light circuits, 
and constant-potential transformers for 
changing the pressure of a part of the 
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supply from 11,000 to 2,200 volts; also 
distributing-boards for the single-phase 
branch feeders from the substations to 
the various centres of distribution. Each 
centre of distribution will in turn con- 
tain the constant-potential transformers 
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Cross-SECTION OF PoWER-HOUSE WITH HORIZONTAL TURBINES. 
CoMMISSION ON ELECTRIC LIGHTING FOR THE City OF NEw YorK. 


for the incandescent lights and motors to 
be supplied from that centre; these trans- 
formers will change from 2,200 to 230 
volts; the single-phase three-wire circuits 
or branches will be run from ithe centres 
to the various buildings to be lighted. 
The chain of delivery is then,—the gen- 
eration of electric power at 11,000 volts; 


























FOR THE City oF New York. 


delivery at this pressure to various sub- 
stations; transformation at the substa- 
tions of part of the power for 7.5-ampere 
constant-current arc lamps; transforma- 
tion of the balance of the power from 
11,000 to 2,200 volts; delivery of this 
power by branch feeders ito the centres 
of distribution; transformation of this 
power from 2,200 to 230 volts at the 
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centres of distribution; and the delivery 
by single-phase three-wire branch circuits 
to the buildings. 

To secure close regulation it is planned 
to regulate the pressure at the trans- 
formers in eaeh substation, either auto- 
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matically or by hand, thus eliminating 
the drop im the feeders from the central 
station. The system is designed for a 
maximum range of pressure at the servy- 
ice connections of six per cent—that is 
to say, a variation of three per cent above 
or below the normal pressure. The smal! 
motors will be run from the single-phase 
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circuits; for the larger motors, of which 
there are very few, three-phase circuits 
will be provided. 

It is also proposed interconnecting the 
power-house in Manhattan and that in 
Queens by high-pressure cables, so that 
each may relay the other; and further, 
to connect each substation in Manhattan 
aud The Bronx directly to the Queens 
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power-house, and similarly, each sub- 
station in Queens and Brooklyn ito the 
Manhattan power-house. By this ar- 
rangement, a total interruption of service 
is made practically impossible. 

The plan calls for a complete under- 
ground system of distribution for Man- 
hattan; the cables to be run in existing 
ducts or extensions of them. The city 
has the right to use this duct system free 
of rental. 


“or The Bronx it is planned to run > 


underground cables to the various sub- 
stztions and from these substations to run 
overhead circuits. The existing pole- 
lincs will be utilized as far as possible. 
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units, and a distribution by means of oil 
switches; the greater part of the auxil- 
iaries are steam-driven; duplicate exciter 
sets and also a storage battery for excita- 
tion are provided. 

The power-house itself is made one of 
the substations, a small part of the space 
of one of the galleries being reserved for 
this purpose. 

Coal storage for more than 20,000 tons 
in the yard is provided in addition to 
the storage in the bunkers over the 
boilers; which will be sufficient to run 
the plant for six months. The coal will 
be delivered by barges at the bulkhead 
and will there be elevated to a tower, 

















85 


with all ornamentation eliminated,—that 
is, of a building designed essentially for 
a power plant. However, an additional 
estimate showing the cost of improving 
this building to bring it up to the stand- 
ard shown in the drawing is given. 

The substation buildings will be plain 
brick structures, occupying a city lot. 
The plan of operation provides that each 
substation shall be the headquarters for 
the entire service supplied from it. In 
the substation an inspector will have liv- 
ing quarters, supplies will. be carried, 
lamps cleaned and repairs made. The 
machinery can be placed upon one floor, 
and the upper one or two stories, as the 
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The city has the right, on payment of a 
rental, to use the poles of the electric 
light and telephone companies in The 
Bronx. : 

The accompanying drawings show the 
general plan of the power plant. Two 
plans are presented,—one for vertical and 
the other for horizontal shaft turbines. 
The plans show a building for 20,000 
kilowatts; the estimates include the cost 
of building for 20,000 kilowatts, but pro- 
vide for an equipment for 15,000 kilo- 
watts. At aes 

The general features of the plan provide 
water-tube boilers, steam turbo-generator 


crushed and weighed, and distributed 
either to covered bins in the yard or to 
the boiler house. 

The city has purchased a plot of ground 
bounded by Avenue A, Ninetieth and 
Ninety-first streets and the East river, af- 
fording an admirable site for a power- 
house of sufficient capacity not only for 
the present needs of the city, but for 
such extensions as will probably be re- 
quired within twenty years. The plot has 
an advamtageous water frontage, and per- 


‘mits of an economical arrangement for 


the supply and delivery of coal. The 
estimates include the cost of a building 


case may be, left for living rooms and for 
supply and repair depots. 

The plans provide for the use of a 7.5- 
ampere, alternating-current series, en- 
closed arc lamp requiring about 480 watts 
at the lamp terminal. To replace the 
Welsbach and other gas and naphtha 
lamps now in use im the streets will re- 
quire approximately 9,000 arc lamps. 

The centres of distribution have uni- 
formly been placed in buildings contain- 
ing a large number of lights. At these 
centres the only machinery to be installed 


‘is transformers, requiring little attention, 


and distributing panels. It is planned to 








86 


put the necessary apparatus in a vault 
under the sidewalk of each of these build- 
ings, or to brick in a small enclosure in 
each building. Daily attention is not de- 
manded by the apparatus placed.in these 
centres, an occasional inspection being all 
that is necessary. 

On the principal streets of Manhattan 
the commission purposes duplicating the 
present iron poles; on other streets it 
purposes using poles of a somewhat dif- 
ferent character and provides mast-arms in 
order to bring the light more out into 
the street and away from the sidewalk. 
This is particularly desirable in The 
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TABLE II. 
COST OF CENTRAL STATION. 


i ce ey 


Building, complete, including excavation, filling of lot, bulkhead wall, 
concrete foundations for building and machinery, intake and discharge 
tunnels, power-house of brick, office buildings “complete with interior 
fittings and plumbing, and two masonry chimneys, all of sufficient size 


to contain equipment of 20,000 kilowatts 


Land and buildin 


eC Perec eresereeerceesreeseesece 


Comme eer reer eeeres eres se eeeeeree seers eeseeeersesesese 


775,000 
$1,125,000 


Complete equipment for 15,000 kilowatts, including boiler plant, turbo- 
generators, oil switches, cranes, coal storage and handling machinery, 


passenger elevators, and all accessories inside of the building..... ..... 
Coal and ash handling and storage plant outside of building.......... braiats 


1,250,000 
150,000 


Central station complete, with building for 20,000 kilowatts and equip- 


ment for 15,000 kilowatts................ 


Equipment for additional 5,000 kilowatts... 
Central station complete, with building and equipment for 20,000 kilowatts. 


acquired, and estimates by appraisers of 





Bronx, where the foliage interferes con- lots for substations. The Blackwell’s 
TABLE I. 
CO8T OF COMPLETE PLANT FOR MANHATTAN AND THE BRONX. 
1. Real estate: Total. Are. Incandescent. 
NOP CoN TaN BIBNION «6 ois05.0) ose eeeege ens $350,000 $210,000 $140,000 
POT SIMINONE s.. 25 sissw0aSseusasaseceees 193,000 160,000 77,000 
2. Central station : 
BEEN ei eis obs ocamecunestgeees Seeee 775,000 465,000 310,000 
USEING 5 sini gwiwaauionaes.ci0r amiiacew wore 1,400,000 840,000 560,000 
3. High-pressure cables : 
TOD WONG. es cews: ois sinael oSaites deep EO ROO 295,000 197,000 
4. Substations : 
PUES 6 sctscccatevstemicls MkeEsacet 250,000 150,000 100,000 
IMME sc ioccalsotausasanmuneseuuw se 227,000 146,000 81,000 
5. Distributing circuits for incandescent lights... 285,000 ~—siwja.. . 285,000 
G;>-SAiie BEG eUNCINIG 63s ostiece cu sccm come see wee 875,000 SIB000  kaswws 
2. DGentres OF distribution... -- sccesss oss MBO00 8 82 kas 118,000 
B, DBerviCe WATMEICMS, .... 605. hos cee sce sees PR000xsisiereis 22,000 
DPD coir ee enan cebu ree corer s ose sieec 114,000 103,000 11,000 
10. Poles, lamps, fixtures and connections......... 1,545,000 1,428,000 117,500 
11. Engineering and contingencies........ ...... 665,000 463 000 202,000 
12. Interest during construction.... ..... ....... 256,000 178,000 78,000 
13: iginn total coast keane $7,567,000 $5,269,000 $2,298,000 
GOAL MET ANC MBMID o152555 Sas oles sisi hw oo ica aa tniereseaeneeeseee $352 


Total per kilowatt of connected load of incandescent lights 


siderably with the lights placed along the 
curb. 

The cost of wiring the buildings for 
the additional incandescent lamps to re- 
place the present gas lamps is not in- 
cluded in the estimates, since this is a 
charge upon the change from gas to elec- 
tricity, and not upon the substitution of 
electric lighting by the city for electric 
lighting from private sources. 

There are a number of water pumping 
stations of small capacity in the various 
boroughs of the city. The commission be- 
lieves that all but the largest of these 
stations can be operated more economic- 
ally by electrically driven centrifugal 
pumps than by the present method. It 
has not estimated the saving due to this 
change, but believes it will be consider- 
able, and the additional installation cost 
not large. 

The accompanying tables give the cost 
of construction and operation of the plant 
described . 

In the above table i, one or two items 
require explanation. 

Item 1, real estate, includes the pur- 
chase price of two lots that the city has 
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Island site referred to in the previous re- 
port is available, but objection has been 


TABLE 


oe eOocce-ceceereree eovccser 


$2,525 000 


$350, 000 
$2,875 ,000 





urged against placing a power plant at 
this point, on the ground that the island 
may become a public park. 

Item 9, ducts: this is principally for 
cost of a duct system in Central Park, i: 
which there are now no ducts. The cit; 
would have to pay the cost of this con- 
struction. 

If the building is constructed as shown 
in plans, with lower course of granite, tl 
additional cost will be $130,000; if granit« 
is substituted for terra cotta for column 
and trimming, as well as the lower 
course, the additional cost will bh 
$195,000. 

The lot included in the above estimate 
is sufficiently large for a plant of 40,000. 
kilowatt capacity. If the building is con- 
structed for 15,000 kilowatts only instea 
of for 20,000, as included in the estimat: 
above, $175,000 should be deducted fron 
the cost; on this basis, the total cost o! 


Ill. 


TOTAL COST OF ELECTRIC ENERGY DELIVERED TO LAMPS. 





Total cost at power-house, 43,000,000 kilowatt-hours at 0.7 cent........... $301,000 
Maintenance, repairs and inspection of distribution system................ 125,000 
POAPANEB WPNNNERNG «5a sicrela; cm siersiororale-cloiel saaioselersaiare = ote eels ata ais lel ele rors arainretsssiwieisiare care 50,000 
J ne ne RES EARS Ree Pe Aca Ongar Sere Oual SeITR MRE CaN OTe $476, 000 
Cost per kilowatt-hour delivered to lamps....... ...c.eccccescecccccvces 1. 384 cents 
(34,400,000 kilowatt-hours delivered.) 
TABLE IV. 
ANNUAL COST TO SUPPLY ONE ARC LAMP. 
Electric energy, 1,920 kilowatt-hours at 1.384 cents .. .........---.ee. ees $26.57 
TATTOO Pe reg are oeme Homn ory an on docer eco eEC Sin Conor 8 00 
CDE CSET TS OC aeiere inn acme UR er WE Er Nui oriancr reer eee 17.21 
MNGCPOR Eerie ata preewdina’ acu souciliaj> «MLS HErS iets roPave eVects siege VovaTe raver oreierataey Seen 12.29 
1S Le ene TCE ya ADRS career emer yma SA Wore ce wc mere $64.07 
TABLE V. 
COST PER KILOWATT-HOUR FOR ELECTRIC ENERGY DELIVERED TO INCANDESCENT LAMPS. 
MEDIO RPV oso 10:01 eve.ntois sine) sloieialelereivinre in alereitie sie iersisveinrersiwininiae™ feieieitiels: Wiorgreieis 5) 1.38 cents 
RN A IIE oro 5 on etn sl ccs oie ieie sos einai ginieeteteleeloe meine se oes emibe Hale vers Ao 
DB TEC LAUAOD See, &,oi0:0 15: cjorsie wiareinieieie ©. oierefeioisloreiors viele sprelsin\eleimS-e)s/oe! Asinieie nies seen 1.938 “ 
Te SE os AR RS OOF A OO ON Cen CHC Ce CHE OOS GOO SEER CSE 1.44 <‘ 
BRM EAN a5: <5-cccco/i nc cvoin voso-s: ars 31a ores ok oieis ve elute lerarovers aces sio's seskevarererv icone exavere eral 50 cents 
TABLE VI. 
TOTAL OPERATING AND FIXED CHARGES. 
15,000 arc lights at $64.07... ...cccsccccccccecccvesees cocccevsecees $961,000 
5,600,000 kilowatt-hours at 5.5 cents .... ....ccccccer ee ccc ceesccecccees 308, 
POUL osu ora vary 0015/5 ce sees ele a Oe RIAA Sele ere. Qatsiersiera $1,269,000 
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building and equipment for a plant of 
15.000-kilowatt capacity will be $2,000,- 
000, equal to $133 per kilowatt. 


The annual output of the station will 
be: 

Kilowatt-Hours. 

Worere JG. «conse oe - cow esas 36,000,000 

For incandescent lights............ 7,000,000 

TOE oc ceeeavwetacese meses 43,000,000 


An efficiency of eighty per cent is 
assumed, hence the energy delivered to 


the lamp terminals is 28,800,000 kilowatt- 
hours for are service, and 5,600,000 kilo- 
watt-hours for incandescent service. The 


ainount of energy used per annum for 
ea) lamp eonnected is considerably less 
in these estimates than that assumed in 
the previous report. 

“yom the total sum (table vi) there 
siiould be deducted the cost of operating 
ai maintaining the nine isolated plants 
new in use or building, employing about 
siviy-three men, the operating cost of 
wich will exceed $100,000. 

‘n the above tables, depreciation is 
{zien at six per cent on the total of all 

items of table i, with the exception 
real estate, engineering and contin- 
.ncies and interest during construction. 
‘nierest is taken at 3.5 per cent on the 
total costs. In the previous reports de- 
preciation was allowed for at eight per 


cont on corresponding items. The com- 
iission is of the opinion, however, that 
(his is too liberal an amount, and has 
ierefore changed it to six per cent, which 

; believes will correspond more nearly 
to the actual cost, in view of the present 
siate of the art. 

The cost of supplying the service in- 
cluded in this report at the unit prices 
charged the city in the year 1904 would 
‘ave been: 


15,000 are lights at $146......... $2,190,000 
5,600,000 kilowatt-hours at 10 cents. 560,000 
WOtd i sebsemeedc es - sees $2,750,000 


The cost of supplying this service, 
ierefore, represents an annual saving on 
ie prices that the city has been paying, 
f $1,481,000, equal approximately to a 
aving of twenty per cent on the invest- 
‘ent required. 

The total cost of all city lighting for 
‘he year 1904 under the ruling rates, in- 
luding gas and electricity, was $1,703,- 
65.56.  Disregarding the interest and 
iaintenance charges on the cost of the 
viditional interior wiring necessary to 
ight all public buildings by electricity, 
hich charge is more than offset by the 
aving effected by shutting down the 
solated plants now in operation, the pro- 
»osed plant would according to the esti- 
uates given effect an annual saving of 
434,000 over the cost under the existing 
‘onditions, under which two-thirds of the 
‘treet lighting and half of the public 
building lighting is done by gas. 
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HIGH-POWER SURGES IN ELECTRIC 
DISTRIBUTION SYSTEMS OF GREAT 
MAGNITUDE.' 


BY CHARLES PROTEUS STEINMETZ. 


In the following, I intend to give a re- 
view, investigation, and discussion of a 
high-power surge, which occurred in the 
high-potential distribution system of the 
Manhattan Railway, in New York, during 
the early days of its electric operation. 
The very complete data on the phenomena 
occurring during the surge and the effects 
caused by it have been furnished by Mr. 
H. G. Stott, at that time superintendent 
of motive power of the Manhattan system. 
The surge resulted in a complete shut- 
down of ithe power station at 5.50 P. M., 
July 23, 1903, and again during the fol- 
lowing night at 12.45 a. M. 

At 5.50 p. M., July 23, the load on the 
generating station was 37,000 kilowatts 
and was being carried by six 5,000-kilo- 
watt, 11,000-volt, three-phase, twenty- 
five-cycle generators, Nos. 1, 2, 4, 5, 6, 
and %. This power was being transmitted 
to a substation No. 1, located in the 
generating station, and also to seven 
other substations by three-conductor, 
lead-covered underground cables. 

The substation high-tension bus-hars 
were divided into as many sections as 
there were synchronous converters in- 
stalled and at the time of the trouble 
they were being operated with these sec- 
tion-switches open. 

All feeders to substations, except 4-C 
and %-C, were protected with static dis- 
chargers at the power-station end of cable, 
but not at the substation end. The dis- 
chargers consisted of nine air-gaps in 
series with three carbon resistances, each 
of 0.003 megohm resistance. Feeders to 
substations are designated by a number 
and a letter; the number denoting the 
number of substation and the letter the 
number of the feeder. For example, 
feeder 8-F is feeder F of substation No. 
: a 
At about 5.45 pe. M., substation No. 7 
notified the power station that there was 
quite a lot of static discharge on cables 
in that station, but that it could not be 
located on any particular cable. Imme- 
diately after, substation No. 8 made a 
similar report and then the power station 
operator went to the cable gallery to 
examine static dischargers and try to lo- 
cate the trouble. He had examined the 
dischargers on two cables when a loud ex- 
plosion was heard; whereupon he ran up 
to the switchboard gallery, and as soon 

1 Abstract of a paper presented at the twenty-second 


annual convention of the American Institute of Elec- 
trical Engineers, Asheville, N. C., June 19, 1905. 
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as he arrived there No. 4 generator short- 
circuited. ‘Two or three seconds before 
the generator short-circuited, a synchro- 
nous converter in the power station arced 
over, and its positive direct-current cir- 
cuit-breaker opened. This circuit-breaker 
was arranged to operate on reverse current 
only. The explosion heard before the 
generator short-circuited came from a 
manhole just outside the power station, 
and was caused by a cable short-circuit- 
ing. When the generator short-circuited, 
the time-limit relays on generators Nos. 
1, 2, 4, and 5 opened their respective oil- 
switches, and the oil-switches of genera- 
tors 6 and 7 were opened by the switch- 
board attendant. As these relays were 
set to operate after three seconds, it is 
possible that the switchboard attendant 
opened switches 6 and 7 before the relays 
had time, to act. 

On the feeder system the following oc- 
curred: feeder 8-F short-circuited at a 
joint 243 feet from the power station, the 
three conductors being blown out for 
about twelve inches, and one leg of the 
feeder punctured a porcelain insulating 
tube and grounded in the power station 
between the oil-switch and cable bell. 
Feeder 8-B broke down in a section, and 
at a point 23,980 feet from power station. 
The breakdown showed two legs com- 
pletely open and the other grounded. 
Feeder 2-E broke down at a joint 4,800 
feet from the power station, the break 
showing one leg open and grounded. 

At the power station the time limit 
overload relays on feeders 4-E, 4-F, 8-B, 
and 8-F opened their switches; the con- 
nections from the main leads to the static 
dischargers on feeder 4-A, 4-B, and 2-F 
burned off; the walls of the static dis- 
charger compartments of 4-B_ were 
cracked and snrung, and two small holes 
were burned in the end bell on tthe power 
station end of 2-F. 

At the substations no damage was done, 
but most of the reverse-current relays and 
some overload relays operated, showing 
that the converters in the substation were 
feeding back into the cable system. 

Careful investigation shows that the 
following damage was caused by the cables 
and generator short-circuiting: on gener- 
ator No. 4, twenty-eight armature. bars 
and eleven connectors at the terminals of 
machine were broken, bent, or badly 
burned. On generator No. 1, the insula- 
tion at the end of a bar in phase “A” 
and one in phase “C” was punctured, 
showing that the pressure had jumped 
across the intervening air-gap of four 
inches; the pressure also jumped from an 
end-connector of phase “A” to the frame, 
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a distance of six inches, and a number 
of overhanging ends of armature bars of 
phase “C” were slightly bent. On gener- 
ators 2, 5, 6, and 7, some of the armature 
bars of phase “C” were also slightly bent, 
showing excessive current. 

In addition to the damage mentioned 
above, some harm was done to the trans- 
formers supplying power for lights in the 
passenger stations. 

Step-down transformers—11,000 to 
2,300 volts—for the lighting system are 
located at the substations. The current 
is transmitted to the passenger stations 
at 2,300 volts and is there transformed 
to 110 volts. 

When the cables broke down and the 
generator short-circuited at the power sta- 
tion, the fuses blew on nine of the 
2,300/110-volt lighting transformers, and 
on four of them several coils of the high- 
pressure winding short-circuited. 

The damaged parts of the system were 
cut out, and the power station and sub- 
stations again started. On the following 
night, July 24, at 12.45 a. M., a complete 
shutdown of the system again resulted 
from a surge. 

The load on station at the time was 
about 3,500 kilowatts, being carried by 
generators 1 and 5. A short time pre- 
vious (about midnight) the ground de- 
tectors on the 11,000-volt bus-bar indi- 
cated a 10,000-volt ground on one phase. 
Preparations were at once made to locate 
the ground by a process of elimination, 
by cutting out the feeders of each sub- 
station in turn. Some delay was caused 
by waiting for the adjacent substations 
to cut in enough synchronous converters 
to carry the load of the station cut out. 
Just as everything was ready to cut out 
substation No. 8, a synchronous converter 
in the power station blew its direct-cur- 
rent positive circuit-breaker. Imme- 
diately thereafter the following occurred: 

Feeder 4-F short-circuited in a section 
16,000 feet from the power station, burn- 
ing one conductor completely open and 
grounding another conductor. The cur- 
rent transformer in one phase of feeder 
3-D, and the relay on the transformer, 
burned out. 

One main lead from the bell at the 
power-station end of feeder 3-B burned 
off for about two inches at a point seven 
inches from the copper sleeve of the joint. 
The static discharger lead was connected 
at this point of main lead. The copper 
sleeve was found to be loose when the 
cable was repaired. The static discharger 
leads from this cable were burned off, the 
discharger compartment division walls 
were. badly cracked and sprung, and a 
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hole one inch in diameter and another 
four inches by two inches was burned in 
the bell at the power-station end. On 
feeder 3-A the static discharger leads 
were burned off, and the discharger com- 
partment walls were slightly cracked. No 
damage was done elsewhere to the system. 

Regarding this occurrence, Mr. H. G. 
Stott makes the following comments: 

“A summary of the happenings of that 
night in their proper sequence is: 

“First: a static discharge over the high- 
tension insulators and cables was observed 
in substations Nos. 7 and 8. 

“Second: within a few minutes a 
feeder short-circuited in ithe manhole 
nearest to the power station, blowing out 
about twelve inches of three-conductor 
cable, and raising the manhole and pave- 
ment all around it with a loud report. 

“Third : one of the six generators operat- 
ing in multiple short-circuited near the 
terminals, conductors on two turns of 
the winding being driven out until they 
struck the iron of the frame of the gener- 
ator; 1. é., to say, the armature bars, which 
are two inches by one-eighth inch, three 
in each slot, were bent edgewise for over 
six inches, showing that the force bend- 
ing them probably amounted to at least 
3,000 or 4,000 pounds. 

“Fourth: practically simultaneously 
several of the three-conductor feeders 
from substations 8, 4, 3, and 2 short- 
circuited, some of them in the manholes 
at a greater or less distance from the 
power station, and some of them on the 
static dischargers in the power station, 
and one across an end bell in the power 
station. No damage took place in the 
substation. 

“Upon examination, one of the genera- 
tors, which was apparently otherwise un- 
injured, showed that the current had 
jumped across between the end connectors 
near the end of one phase, a distance of 
four inches, through the air. At another 
point on another phase of the same ma- 
chine marks showed that the current had 
jumped from one of the end bars to the 
iron through the air, a distance of six 
inches. Other arcing distances showed 
conclusively that the potential must have 
risen to not less than 70,000 volts. 

“The above is a brief résumé of what 
happened. 

“My own opinion is that the source 
of all the trouble was in the feeder in the 
manhole next to ithe power station break- 
ing down the insulation to ground; this 
caused the static to show up at the sub- 
station; the large capacity current of the 
system burned the insulation of the neigh- 
boring conductors in the three-conductor 
cable, and formed a short-circuit which 
blew out the are, due to the sudden ex- 
pansion of air in the manhole from the 


heat generated by approximately 70,000 


kilowatts (each machine being capable of 
giving out 12,000 kilowatts). The arc 
was probably reestablished several times, 
thus setting up an oscillating current, and 
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giving rise to the potential above men- 
tioned.” 

The most characteristic feature was 
ithe enormous volume, and relatively very 
low frequency of the oscillating surge ce 
curring in this system. This explains the 
severity of the destruction and its wide- 
spread extent. Any oscillation of very 
high frequency could be local only and 
could not extend over any considerable 
part of such a system, since the hich 
capacity of tthe cables necessarily would 
act as a short-circuit to any very high- 
frequency oscillation. 

The trouble was undoubtedly started 
in the manhole next to the power-house 
by a spark-discharge between one of the 
conductors of feeder 8-F and the cable 
armor, possibly due to the gradual break- 
ing down of a weak spot in a cable joint. 

This spark-discharge between conduc- 
tor and cable armor, or ground, was ox- 
cillating in character, local in extent, an: 
of moderate power and pressure, but of 
rather high frequency. It was the dis- 
charge of a condenser of a pressure equ:! 
to the pressure between conductor an‘! 
gound; that is, the Y pressure of the 
system, or about 6,400 volts, and the 
capacity and inductance between the cable 
conductor and ground. The capacity and 
inductance, however, in this case wer 
distributed. 

The length of cable from the substation 
where the electrostatic displays were ob- 
served to the point of discharge in the 
manhole was 26,780 feet. The estimate: 
capacity between conductor and groun 
was approximately 0.115 microfarad, an‘! 
the inductance between conductor ani 
ground 0.106 millihenry per 1,000 fee! 
of cable, or a total of 3.07 microfarads 
and 2.83 millihenrys respectively. 

The spark passing in the manhole from 
the conductor to the cable armor, that is, 
to the ground, connects the conductor to 
the ground by an are. The potential dif- 
ference E between conductor and ground, 
therefore, falls to zero, or practically 
zero, while a current I flows toward the 
break, which is the charging current 0! 
the system against ground, or about 200 
to 300 amperes. With the potential dif- 
ference E disappearing, the current in 
the short arc shunted by capacity blows 
out the are explosively, and so discon- 
nects the conductor from ground. At the 
moment when the grounding arc opens. 
E = 0,1I=% = constant, in the con- 
ductor, at least near the fault. The cur- 
rent 7, still flowing toward the fault pro- 
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duces a potential difference in the conduc- 
tor, so that as a result of this period we 
eet zero eurrent, but a potential difference 
E = ¢y, in the conductor, at least at and 
near the fault. This potential difference 
e, 2gain causes a spark to jump at the 
fault, and again grounds the conductor. 
In {ie moment when the spark jumps I = 
0, = @. 

‘Ve have the two periods succeeding 
e2 h other, the starting condition of each 
hing the final condition of the preceding : 

«. From the moment where the arc 
at the fault ruptures until a spark re- 
stents it. During this period the conduc- 
tor is mot connected to ground at the 
foult. 

>. From the moment where the arc 
tarts at the fault until it ruptures itself 
«cain, or while the conductor is grounded 
it the fault. 

This results in two oscillations of wave 
‘rains, originating at the fault and alter- 
cating with each other. 

The two wave trains cause a successive 
vries of impulses of high electromotive 
force but zero current, and of high cur- 
rent, but zero electromotive force to run 
ilong the circuit, starting from the fault 
and traveling toward the substation 8 
with such a velocity that the distance, 
26,780 feet, is traversed during one-fourth 
cyele of the fundamental frequency of os- 
cillation, which in this case is found to be 
N, = 2,670. The velocity of wave propa- 
gation is therefore 4 X 2,670 & 26,780 = 
285 X 10° feet per second = 54,000 miles 
per second, or about thirty per cent of 
the velocity of light. 

The duration of the successive periods 
of current and of electromotive force de- 
pends on the conditions existing at the 
starting point of the wave; that is, at the 
fault in the manhole, but not directly on 
the constants of the rest of the circuit, 
and as a rule the duration of the period 
of high electromotive force and the period 
of high current are not equal. These suc- 
cessive wave-trains constitute a cyclic 
phenomenon with a frequency of 13,000 
cycles. 

These waves of current and electromo- 
tive force which travel along the circuit 
from the source of disturbance with high 
frequency are in their simplest form flat- 
topped with steep wave front and back. 
The steepness of wave front and back de- 
pends upon the rapidity with which the 
are at the fault establishes itself and rup- 
tures, and also upon the distance from 
the starting point. 

' Where these waves meet obstructions, 
as localized inductance, the steepness of 
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the wave front results in the induction of 
high electromotive forces of very limited 


. extension, and gives the pyrotechnic dis- 


plays observed at the switchboards of high- 
pressure stations when there is a dis- 
turbance on the line, which sometimes are 
called “static.” Due to their very limited 
power, these phenomena are relatively 
harmless of themselves; their danger 
rather lies in producing or establishing a 
path for short-circuits or surges of high 
power, as happened in the case under 
discussion. 

Localized inductance offers some pro- 
tection to the system against these waves 
even if the inductance is very small. For 
instance, assuming 11,000 volts and 300 
amperes as full load condition of the 
feeder cable and an inductance of 0.05 
millihenry inserted, this inductance at 
the impressed frequency of twenty-five 
cycles would give a reactance 7, = 0.008 
ohm; hence 300 amperes consume 2.4 
volts or about one-fiftieth of one per cent. 

Assuming the maximum current of the 
traveling wave as 300 amperes and at the 
steepest part of the wave to change in 
strength 250 amperes during ¢ = 1°; 
that is, ¢ = 1/360 x 2,670 = 1.04 x 10° 
seconds. This gives di/d ¢ = 240 x 
10~*, and the counter-electromotive force 
which this wave front would meet in such 
a reactive coil would be: 

Ldi/dt= 12,000 volts. 

I have dwelt somewhat fully on this 
system of wave-trains and the frequency 
of propagation along the circuit, since I 
believe this phenomenon of a third fre- 
quency, besides the impressed frequency 
and the frequency of circuit oscillation, 
has not before been fully recognized. It 
seems, therefore, that in an electric circuit 
containing distributed capacity and in- 
ductance, as in an underground cable, a 
long-distance transmission line, or in the 
high-pressure winding of a transformer 
or high pressure generator, three distinct 
frequencies must be recognized that are 
essentially independent of one another. 

1. The impressed frequency supplied 
by the generating system, of twenty-five, 
forty, or sixty cycles as fundamental, and 
their odd multiples as higher harmonics 
or wave-shape distortion, which higher 
harmonics are usually of small or even 
negligible magnitude. 

2. The frequency of oscillation of the 
system, or natural period of the circuit, 
depending on the constants of the circuit, 
mainly the capacity and the inductance, 
and consisting of a fundamental frequency 
N,= aaa where L, and C, are 
the inductance and eapacity respectively 
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of the total circuit, and all the odd mul- 
tiples thereof.as higher harmonics. The 
relative magnitude of fundamental and 
higher harmonics depends on the distri- 
bution of pressure and current in the cir- 
cuit at the moment where the oscillation 
starts. As a rule the higher harmonics 
are not negligible, but usually rather pre- 
dominate. 

3. The frequency of circuit disturbance 
which has no direct relation to impressed 
frequency or to the natural period, but 
depends upon the character of the dis- 
turbance. It appears as a system of waves 
traveling along the line, and results in 


.the static displays at the end of the line; 


that is, at the station switchboards. In 
its simplest form, as a single wave or 
impulse traveling along the circuit (fre- 
quently visible to the eye as a luminous 
streak), it probably appears when a 
moderate lightning flash or side discharge 
strikes a transmission line, and from there 
to the ground, giving at a point of im- 
pact a sudden rise of pressure against 
ground, immediately relieved by the dis- 
charge to ground. 

This phenomenon, so far as I know, 
has never been investigated from the 
theoretical point of view. While of itself 
rather harmless, its danger consists in 
the self-destructive forces that it may set 
into play. In the circuit under discussion 
here the impressed frequency is twenty- 
five cycles, the natural period 2,670 cycles. 
The frequency of the static display is 
13,000 cycles, but of such steep wave front 
as to correspond to a far higher fre- 
quency, possibly of the magnitude of 
200,000 cycles per second. 

In the breakdown in the Manhattan 
system, starting with a spark discharge 
between conductor and cable armor in a 
faulty joint in the manhole near the 
power station, attention was called to the 
disturbance by the arrival of the wave 
trains and the resultant static displays on 
the cables and switchboards of the next 
substations. No direct harm was done 
by this “static,” but before the fault could 
be located and cut out, the spark discharge 
had reached the next conductor of the 
cable and started a short-circuit between 
two conductors. With six generators of 
5,000-kilowatt rating and a momentary 
maximum of 12,000 kilowatts each, and 
the synchronous converters feeding back 
into the short-circuit as evidenced by the 
opening of the reverse-current relays in 
the substations—it probably is a conserva- 
tive estimate to assume that for a short 
period a power of 100,000 kilowatts was 
concentrated in the short-circuiting arc 
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in the manhole. The energy of 100,000 
kilowatts applied during only one-tenth 
second equals the explosion of about half 
a pound of dynamite. 

The explosion tore off the insulation 
and protection of the conductor, and a 
flaring arc started in the manhole, and 
being oscillating or self-rupturing in 
character, created a surge of low fre- 
quency and enormous power in the whole 
system, beyond the disruptive strength 
of any part of the system or any protective 
device. This short-circuit oscillation was 
a surge of the whole system throughout, 
and almost instantaneously caused all the 
breakdowns in feeders, cables, cable-bells, 
transformers, generators, etc. The static 
protectors apparently discharged and 
somewhat lowered the pressure, but could 
not be expected to take care of the 
enormous volume of the surge. Some 
burned up explosively due to the excessive 
pressure imposed upon them. 

From the data available I estimate the 
capacity of the system between two con- 
ductors as C = 76 microfarads. In series 
with this capacity is the self-inductance of 
the generating system. Extensive tests 
which I made some years ago on a long- 
distance system at high pressures with 
aid of the oscillograph, proved that ithe 
electric oscillations due to changes of cir- 
cuit conditions, when occurring in a high- 
pressure line, are not limited to the line 
but extend back into the generating sys- 
tem even if the generators are separated 
by transformers from the oscillating line, 
as was the case in my experiments. That 
is, the whole system, including generators, 
oscillates electrically. This has since been 
corroborated by observing that a break- 
down in one feeder causes breakdowns in 
other feeders issuing from the same gen- 
erator bus-bars, and therefore that the 
oscillation passes into and over the main 
generator bus-bars. 

Assuming that the short-circuit current 
or synchronous impedance current of these 
generators at full pressure and no-load 
excitation is about three times full-load 
current or approximately 800 amperes, 
gives a synchronous impedance of eight 
ohms Y. We may probably assume that 
somewhat less than one-half of this is 
self-inductive reactance participating in 
the oscillation, and that the rest is arma- 
ture reaction. 

With the understanding that there is 
some reactance in the station wiring, cur- 
rent transformers, etc., we may assume 
the self-inductive reactance per generator 
as about four ohms, corresponding to an 


ELECTRICAL REVIEW 


inductance of 25.5 millihenrys. The self- 
inductance of the six generators in cir- 


cuit during the accident then is: 4.25 mil-, 


lihenrys. Allowing 0.25 millihenry for 
effective resultant inductance of the cable 
system gives a total inductance of 4.5 
millihenrys. 

The fundamental frequency of the 
surge of the whole system would be 


= 270 cycles, or quite 





2a VLC 
low. 
With C = 7%6 microfarads, L = 4.5 
millihenrys, and e = ae. = 6,340 
V3 


volts per phase, the instantaneous short- 
circuit current or the volume of the surge 
would be: 


1) = e/2 7 N L = 9,000 amperes. 


Where N = impressed frequency, and the 
pressure of oscillation: 


@ = 27 N, L % = 68,800 volts per phase, 


or 119,000 volts between lines, where N, 
== frequency of oscillation. 

With such a volume of surge all break- 
downs that occurred would also be oscil- 
lating and therefore would not relieve the 
system by discharging the oscillation, but 
set up secondary oscillations. I observed 
this same feature in the experimental tests 
referred to above, where in one instance 
I had three oscillating circuits simul- 
ultaneously in existence, and still enorm- 
ous electrostatic displays. 

Thirty-two static protectors of 0.003 
megohm, each, hence of a total delta re- 
sistance of 282 ohms, and a “Y” resist- 
ance of minety-four ohms, would, at 100,- 
000 volts delta or 58,000 volts Y, carry 
off about 630 amperes or seven per cent, 
and therefore lower the pressure of os- 
cillation by seven per cent, that is, to 
about 110,000 volts between lines, but 
they would be loaded far beyond their 
capacity, as evidenced. 

As seen, the most prominent features 
of the surge seem to have been its 
enormous volume and relatively low fre- 
quency, which account for its wide extent 
and destructiveness. 

From another phenomenon we can also 
estimate the approximate frequency of 
the surge. The burning out of the fuses 
of some 2,300-volt transformers without 
destruction of these transformers is ex- 
plained by assuming that the high- 
pressure oscillation penetrated to these 
transformers and that their primary 
pressure rose so as to bring the iron of 
the transformers beyond magnetic satura- 
tion and blow the fuses by the excessive 





Vol. 47—No. 3 


exciting current, due to magnetic satura- 
tion. This did not occur in the 11,000- 
volt transformers, which were operating 
at lower magnetic density; while the 
2,300-volt transformers, built originally 
for higher frequency, were operating 
normally at fairly high density on the 
twenty-five-cycle circuit. 

From this we may estimate the fre- 
quency of the surge. Twenty-five-cycle 
transformers are necessarily operated at 
fairly high magnetic density, so that in- 
creasing the normal magnetic density two 
or threefold results in such high satura- 
tion as to blow the fuses by the exciting 
current. The magnetic cycle of the surge 
is superimposed upon the normal mag- 
netic cycle of the transformer. It then 
depends at what point of the normal cycle 
the abnormal cycle started. If at the 
maximum point, an abnormal cycle of 
one-half the amplitude of the norma! 
cycle would double the density and so 
saturate. If at the negative maximum 
point, an abnormal cycle would have two 
times the amplitude of the normal to 
treble the density. The most probable is 
that the abnormal cycle or the surge 
started near the zero point of tthe normal 
cycle or near the maximum point of the 
circuit pressure and then at 1.25 times 
the amplitude of the normal cycle, the ab- 
normal cycle would increase the density 
2.5 times. 

Assuming from the striking distance a 
pressure of 80,000 for the oscillation, or 
7.2 times normal pressure, to give an 
abnormal cycle of 1.25 times the ampli- 
tude of the normal cycle would require 
a frequency of nine times the normal 
frequency or 225 cycles respectively. The 
frequency of oscillation therefore would 
probably be in the neighborhood of 225 
cycles. 

The shutdown of the generating station 
ultimately stopped the surge. I should 
believe it quite possible, however, that be- 
sides the breakdowns which have been ob- 
served by their destructive effect, some 
more breakdowns have occurred lasting so 
short a time before the taking off of the 
generating system as not to cause any 
noticeable destruction, and merely weak- 
ening and partly breaking down the in- 
sulation. The breakdown occurring again 
toward midnight I attribute to such a 
partial breakdown, which was completed 
by some small oscillation as the opening 
of a converter circuit-breaker. 

Two years have passed now, and I be- 
lieve no further surge of this magnitude 
has occurred, and a protection of the sys- 
tem has been devised. 
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EXPERIMENTS ON THE VALTELLINA 
RAILROAD. 


BY FRANZ KOESTER, 





‘The construction and equipment of the 
Valteliina Railroad, in the northern part 
of [taly, have already been fully described 
in ie technical press. It is now our 
pleasure to describe to our readers the 
yariuus experiments performed on this 
roa! during its operation of over two 
years. 
the power-house 30,000-volt, three- 
phe-e, alternating current, fifteen cycles, 
is ecnerated. This current is supplied to 
the motors at a voltage of 3,000. 

(1 the continent of Europe, where the 
use of high-tension alternating current 
was believed to be the best system for 
heavy traction, no doubt was felt but that 
this phenomenal undertaking would prove 
sat'sfactory. Much of the efficiency of 
this system is due to the designer of the 
\>tellina Railroad, Mr. Koloman von 
Kaiado, of the Ganz Company, in Buda- 


ollowing is an abstract of a recent 
aticle by Mr. Eugen Cserhati in Zeit- 
sclrift des Vereines Deutscher Ingenieure. 

“he total capacity of the power plant 
is 8,000 horse-power, but as there are 
only ten motor-cars and five electric loco- 
motives in operation, only about 3,000 
horse-power are used, having reserve 
ower sufficient to handle the traffic on 
le proposed extensions from the present 

ithern terminus Lecco to Como, to 
\iilano and to Bergamo. 

The operation of this road is such that 
.e fluctuations in load on the power 
s‘ations are very slight, which advantage 

further increased by the use of water 
:‘eostats, by means of which very gradual 
siarts are obtained. 

This road being built partly as an ex- 

riment on a large scale, wooden suspen- 

m poles were used, which after four 

ars are found to be in good condition. 
\t the end of the fifth year probably five 
ver cent of these will have to be replaced, 

hich shows conclusively that a more ex- 

‘nsive primary installation, 1. e., iron 
oles, would prove more satisfactory for 
work of this character. A small percent- 
ve of the porcelain insulators, both high 
ind low tension, had to be replaced on 
»-count of cracks, ete., but in no case did 
‘vese changes necessitate interruption of 


f. 


(se service. The Ambroine insulator, 
ised for the trolley wire, proved most 
s.tisfaetory. 


After fourteen months’ operation by 
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the contractors and two years by the pres- 
ent operators only 0.7 of one millimetre 
has been worn from the trolley wire, 
which speaks very highly for the rolling 
contact used in this equipment. During 
the early part of the operation some trol- 
ley breaks occurred, due to the improper 
installation of the supports, but this has 
been entirely rectified. Snow and hoar- 
frost, generally very troublesome in mount- 
ainous countries, did not prove particu- 
larly so. 

The only trouble with the lightning ar- 
resters placed along the line was due to 
the freezing of the water in the clay pipes, 
through which the  arresters were 
grounded. This difficulty has now been 
overcome by the use of a solution of gly- 
cerine. The lightning itself had caused 
no trouble. 

The operation of the transformers was 
found to be so satisfactory that reserve 
units were unnecessary. Extra primary 
and secondary coils were, however, sup- 
plied, which, should occasion require, can 
be installed without interruption of serv- 
ice by cutting out that particular station 
and supplying power for its section from 
the two adjoining substations. During 
three and one-half years of operation only 
one single transformer has been damaged, 
at the station at Cosio, the cause of which 
was never discovered. An order has been 
placed by Rite Adriatica, the present 
operator, for a 430-kilowatt transformer, 
to be placed in a closed car and used as a 
portable reserve substation. 

As previously mentioned, the trolleys 
used in this installation have proven very 
satisfactory. They consist of cylinders of 
electrolytic copper, which have been run 
as much as 12,000 miles. In the second 
year experiments were tried using Man- 
nesmann pipes coated with copper. It 
was found necessary to renew this copper 
after running 6,000 miles, but this can be 
done at very small expense. 

For two and one-half years of operation 
of the motors by the manufacturers and 
contractors they caused no trouble, but 
after eight months’ operation by the pres- 
ent operators serious trouble developed on 
account of oil being thrown from the 
bearings. This oil, containing acids, on 
being thrown into the rotor destroyed the 
insulation on the leads from the conduc- 
tors to the collector rings causing short- 
circuits. It was also thrown into the 
stator causing short-circuits there in like 
manner. This has now been remedied by 
the use of oil deflectors. In order to make 
these changes, however, it was necessary 
to place every motor-car in the repair shop 
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from three to four months and replace all 
bearings. It will be noted that this 
trouble was due to mechanical and not 
electrical defects. 

It was at first feared that trouble might 
arise on account of the small air-gap of 
two millimetres, but this fear proves to 
have been groundless, as after three and 
one-half years of operation no trouble has 
arisen from this cause, and the motor 
bearings have in no case worn more than 
0.3 millimetre. Trouble was at first ex- 
perienced on account of the small capac- 
ity of the fuses on the cars, but this has 
now been remedied. Some trouble was 
experienced with the connecting rods be- 
tween the motors and the driving wheels, 
which developed on excessive overloads, 
after the rods had been in use for one year 
without inspection. 

For operating the switches, rheostats, 
trolley poles, etc., compressed air is used. 
The fear which was at first entertained in 
regard to this system has proven ground- 
less, and the three locomotives which were 
at first used with direct-control have now 
been fitted with the compressed air system. 

During twenty-one months the average 
travel per car per month was 28,000 
miles and the maximum was 47,000 miles. 
During this time of record there have 
occurred only two accidents which have 
damaged the motor-cars of the trains. 
The average annual travel of motor-cars 
and locomotives was 54,351 kilometres, 
while that of all steam locomotives 
previously used on the road was 27,720 
kilometres, showing an increase of ninety- 
six per cent due to electrification. These 
figures show that approximately only one- 
half as many electric as steam locomotives 
are required, which means a material sav- 
ing in capital invested in rolling stock. 

During the operation of this road only 
one fatality has occurred, which was one 
to an employé in the switching room of 
a transformer-house. This accident 
might have happened with any other sys- 
tem. 

Much has been said in opposition to 
double trolley systems on account of the 
complications at crossings and switches 
and on account of the extra suspension 
wires and insulators. With a single-phase 
system, however, the total cross-sections 
of copper would be increased thirty per 
cent and this increase would more than 
counterbalance the saving in other re- 
spects. No difficulty was experienced at 
crossings and switches on account of 
the double trolley, by either the local or 
express trains. In the case of the latter, 
however, the poles are automatically 
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lowered by air pressure while passing 
stations. 

An argument used against this system 
is the fact that only two running speeds 
are possible. The schedule is so arranged 
that ordinarily a train will coast into a 
station before braking. Should a train 
be behind its schedule, however, the lost 
time can be made up by applying the 
brakes while at a higher speed. It is 
reported that as much as nine minutes 
have been made up in a run of fifteen 
miles. Several locomotives are now in 
course of construction, designed by Mr. 
von Kando, for three and four speeds, 
for use on railroads in very hilly sections. 
The Valtellina railroad has proven that. 
in spite of the greater weight of the loco- 
motives, they are much more ad- 
vantageous than the motor-cars. A great 
disadvantage of the latter is that in case 
of accident to the motors it is necessary 
to put the car out of commission as well 
as the motors, while with a like accident to 
the motor equipment of a locomotive the 
total number of cars in operation would 
remain unchanged. Another objection to 
the motor-car is the necessity for the mo- 
torman to pass through the car in re- 
versing the directions. In spite of all 
this the motor-car has certain advantages 
in other particulars, as up to September, 
1904, some steam locomotives were still 
in operation. For part of the freight serv- 
ice it will be seen that the electrification 
of a railroad may be accomplished without 
much difficulty. Much of this road lies 
in tunnels on account of the mountainous 
character of the country. Here was 
found the only difficulty with the steam 
locomotives, as it was necessary to clean 
the Ambroine insulators from two to 
three months with petroleum. 

The satisfactory operation of this Val- 
tellina railroad, which was new in its 
details as well as in principle, is probably 
due to a large extent to the valuable ex- 
perience gained by Messrs. Ganz & Com- 
pany, of Budapest, in their experimental 
railroad and during the construction of 
the lines at Evian-les-Bains on lake 
Lucien and the military industry railroad 
at Woellersdorf in Austria. 

Postal, Telegraphic and Railway 
Systems of Korea. 

Under date of May 8, 1905, the United 
States minister to Japan (Lloyd C. Gris- 
com) transmits the following official 
translation of the agreemant between the 
governments of Japan and Korea, and 
published in the official gazette on April 
28, 1905, whereby the postal, telegraphic, 
and railways systems of Korea are trans- 
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ferred to the control of the Japanese gov- 
ernment. 
AGREEMENT. 


The imperial governments of Japan 
and Korea, finding it expedient from the 
standpoint of the administration and 
finances of Korea to rearrange the system 
of communication in that country, and by 
amalgamating it with that of Japan to 
wnite the two systems into one common 
to the two countries, and, having seen the 
necessity, with that object in view, of 
transferring the post, telegraph, and tele- 
phone services of Korea to the control of 
thie Japanese government, Hayashi Gon- 
suke, envoy extraordinary and minister 
plenipotentiary of Japan, and I-hayeng, 
minister of state for foreign affairs of 
Korea, each invested with proper author- 
ity, have agreed upon and eoncluded the 
following articles: 

Article I. The imperial government of 
Korea shall transfer and assign the con- 
trol and administration of the post, tele- 
graph, and telephone services in Korea 
(except the telephone service exclusively 
pertaining to the department of the im- 
perial household’) to the imperial Japanese 
government. 

Article II. The land, buildings, fur- 
niture, instruments, machines and all 
other appliances connected with the sys- 
tem of communications already estab- 
lished by the imperial government of 
Korea shall, by virtue of the present 
agreement, be transferred to the control 
of the imperial Japanese government. 

The authorities of the two countries 
acting together shall make an inventory 
of the lands, buildings, and all other re- 
quisites mentioned in the preceding para- 
graph which shall serve as evidence in the 
future. 

Article III. When it is deemed: neces- 
sary by the Japanese government to ex- 
tend the communication system in Korea 
they may appropriate land and buildings 
belonging to the state or to private per- 
sons; the former without compensation 
and the latter with proper indemnifica- 
tion. 

Article IV. In respect of the control 
of the communication service and the cus- 
tody of the properties in connection there- 
with, the Japanese government assume on 
their own account the responsibility of 
good administration. The expenses re- 
quired for the extension of the communi- 
cation services shall also be borne by the 
imperial government of Japan. The im- 
perial government of Japan shall officially 
notify the imperial government of Korea 
of the financial condition of the system 
of communications under their control. 

Anticle V. All appliances and ma- 
terials which aré deemed necessary by the 
imperial government of Japan for the 
control or extension of the system of com- 
munication shall be exempt from all 
duties and imposts. 

Article VI. The imperial government 
of Korea shall be at liberty to maintain 
the present board of communication so 
far as such retention does not interfere 
with the control and extension of the 
services by the Japanese government. The 
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Japanese government in controlling and 
extanding the services shall engage as 
many Korean officials. and employés as 
possible. 

Article VII. In respect of the arrange- 
ments formerly entered into by the 
Korean government with the governments 
of foreign vowers concerning the post 
telegraph, and telephone services, the 
Japanese government shall in behalf of 
Korea exercise the rights and perform the 
obligations pertaining thereto. Should 
there arise in the future any necessity for 
concluding any new convention between 
the government of Korea and the gover:- 
ments of foreion powers concerning thie 
communication services, the Japanese goy- 
ernment shall assume the responsibility 
of concluding such convention in behalf 
of the Korean government. 

Article VIII. The various conventions 
and agreements respecting the communi- 
cation services hitherto existing between 
the governments of Japan and Korea are 
naturally abolished or modified by the 
present agreement. 

Article IX. When in future as the r~- 
sult of the general development of the com- 
munication system in Korea there is some 
adequate profit over and above expendi- 
tures defrayed by the Japanese govern- 
ment for the control and maintenance o! 
the old services and for their extensions 
and improvements, the Japanese govern- 
ment shall deliver to the Korean govern- 
ment a suitable percentage of such profi!. 

Article X. When in the future an 
ample surplus exists in the finance o! 
the Korean government, the control of 
their communication services may be re- 
turned, as the result of the consultation 
of the two governments, to the govern- 
ment of Korea. 





Gutta-Percha and Rubber Trade of 
Singapore. 

According to United States Consui- 
General Richard Guenther, of Frankfort, 
Germany, the German consul-general ai, 
Singapore reports that gutta-percha ex- 
ports to the value of $6,570,000 were 
shipped from that port in 1903, coming 
chiefly from Dutch North Borneo, Pe- 
nang, and Sumatra, and a smaller amount 
from the Sulu archipelago. Of the 
amount exported, $3,891,464 worth wen’ 
to Great Britain, $2,213,019 worth to 
Germany, and $207,131 worth to the 
United States. The statistics for 1904 are 
not yet complete. 

In 1903 Singapore exported $236,297 
worth of india-rubber (nearly all to Great 
Britain) and $1,108,989 worth of Borneo 
rubber, of which $336,121 worth went to 
Austria, $372,922 worth to the United 
States, $216,150 worth to Great Britain, 
and smaller amounts to Japan, France, 
Italy, and Germany. The shipments 0: 
Borneo rubber during 1904 have consider- 
ably increased. 
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THE PROPERTIES OF MAGNETS MADE 
OF HARDENED CAST IRON. 


BY B. O. PEIRCE. 





During the last six or seven years a 
larce number of d’Arsonval galvanom- 
ae: in which the permanent fields are 
due to hardened and artificially seasoned 
casi-iron magnets, have been used in the 
physical laboratory of Harvard University 
in competition with similar instruments 
fu nished with hardened forged-steel mag- 
nets from the shops of well-known makers. 

- nearly five years also magnets of 
(he same kind have been employed in 
.ondard mirror ampere-meters and volt- 
eters fixed in the laboratory, in cases 
where it was desirable that the indica- 
ions of the instruments should be trust- 
vorthy within one part in a thousand of 
‘noir larger deflections, over a considerable 
-ange of room temperatures. Besides the 
cast-iron magnets which we have made 
urselves, we have of late used a number 
of others in moving-coil galvanometers 
purchased in the market—some of the best 
of them from the Leeds & Northrup Com- 
pany. 

It early appeared from tests made on 
ihese instruments, that whereas good iron 
castings as they come from the foundry 
make most unsatisfactory magnets, so far 
aS permanence is concerned, magnets 
made of castings properly hardened and 
aged after being machined—if machining 
is necessary for the purpose to which the 
magnets are to be put—compare favorably 
in strength, in permanence, and in the 
relatively small changes of their moments 
with room temperature, with the best of 
tool steel magnets, even if in strength, 
though not in their other qualities, they 
fall a little behind magnets made, in a 
forming press, of steel specially prepared 
for the purpose. 

Although chilled cast-iron bar magnets 
have been used for a long time in a few 
forms of telephones, it is usually best to 
make straight magnets (which do not 
need to be hammered) of steel; but the 
forging of steel for permanent magnets 
of complex forms, without spoiling it, 
demands a kind of skill which most tool- 
makers, even in the largest establishments, 
have not acquired, and it is generally diffi- 
cult to get satisfactory specimens of any 
very special shape of curved-steel magnets 
unless one has access to such facilities as 
a few of the manufacturers of electrical 
measuring instruments have provided for 
themselves. It is true that the hardening 
of iron castings for magnetic purposes 
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also requires such skill as few persons 
possess, if the very best results are to be 
obtained, especially when the pieces to be 
treated weigh more than a pound or 
two; but a little practice will enable any 
good workman, who has a gas forge with 
blast powerful enough to raise the tem- 
perature of the iron uniformly nearly to 
the melting-point, to make good gray-iron 
castings of moderate size, hard enough for 
strong magnets, which will leave little 
to be desired so far as permanence 
is concerned. It has been my good for- 
tune to have the help of Mr. G. W. 
Thompson, the mechanician of the Jeffer- 
son Laboratory, who has had long experi- 
ence in treating cast iron, and who has 
made for me, by a process of his own, 
massive magnets with extremely low tem- 
perature coefficients. It is to be noticed 
that some of the secret methods of harden- 
ing cast iron, used by makers of small 
parts of machinery, do not fit the castings 
for making good magnets, and that case 
hardening, which affects the surface only, 
is useless. The character of the cold bath 
into which, while it is kept in violent agi- 
tation, the strongly heated castings to be 
hardened are plunged, seems to have con- 
siderable influence upon the result. 

At the very high temperature, just 
under the melting-point, to which the cast 
iron must be raised before it is suddenly 
chilled, the metal loses much of its tenac- 
ity, and slender pieces must be handled 
carefully lest they break like chalk. The 
chilled casting should be hard enough to 
scratch window glass, if not so readily as 
hardened tool steel will do it. It is vain 
to attempt to make any such gray- 
iron castings as I have used mag- 
netically hard by chilling them after 
they have been heated to the com- 
paratively low temperatures that one 
would use in making steel glass-hard. 
Every one who has attempted to harden a 
thick mass of tool steel uniformly, knows 
how difficult the task is: it is easy enough 
to get the outer layers glass-hard, while 
the interior is much softer; or, sometimes 


(by overheating the steel), to get the in- 


side hard while the outside is blistered and 
cracked. If a casting is heated to a very 
bright red and then plunged into the 
bath, the outside may become hard to 
the file, while the interior, as magnetic 
tests clearly show, remains soft; in this 
ease, however, the material will stand a 
higher temperature without injury, and 
if the mass be reheated and when it is 
just below the melting point be suddenly 
chilled, the whole interior becomes hard. 

It is a good deal easier to harden a lot 
of straight, round pieces of good gray 
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iron, say twenty centimetres long and one 
centimetre in diameter, so that they shall 
all be nearly alike magnetically, than it 
is to do the same with an equal number 
of pieces of drill rod. Six pieces of Cres- 
cent drill rod, each sixteen centimetres 
long and eight millimetres in diameter, 
cut from the same specimen, were made 
glass-hard for me by a skilled worker in 
steel; these were placed successively in a 
properly oriented solenoid and exposed, 
first to the action of an alternating cur- 
rent of intensity gradually decreasing 
from an initially high value to a very 
low one, then to a steady field of 147 
gausses applied first in one direction and 
afterward in the other. As a consequence 
of the preliminary treatment’ with alter- 
nating currents, the magnitudes of the 
moments acquired by the pieces under 
the action of the steady field were quite 
independent of the direction of the latter. 
These moments were approximately 2,280, 
2,395, 2,495, 2,326, 2,325, and 2,360, but 
when the field was removed the residual 
moments were 1,058, 1,074, 1,136, 1,066, 
1,050 and 1,097 respectively. The same 
pieces were then placed together in a 
solenoid made of many turns of large wire 
and the ends of the whole bundle were 
connected by a massive yoke; when a cur- 
rent of about forty-five amperes was sent 
through the wire the pieces became 
charged practically to saturation. When 
they were removed from the solenoid the 
average moment of the six was about 
1,240, the highest 1,290, and the lowest 
1,170. Such uniformity as is indicated 
by these numbers is, I believe, as great 
as one can expect to get unless one has 
an elaborate plant; no such agreement can 
be hoped for from pieces of different rods 
of the same brand. Some kinds of special 
magnet steel give rather better results. 
Although it is obvious that there is no 
advantage in using cast iron for straight 
magnets, I have had a number of such 
magnets made, of each of three shapes, 
for purposes of comparison with steel-bar 
magnets of the same dimensions. These 
were all rather short, because we had no 
means of treating satisfactorily very long, 
slender pieces, which are apt to warp if 
not properly supported. It is, of course, 
impossible to calculate the demagnetizing 
effects of the free ends of such pieces as 
I have used, but it has seemed to me 
legitimate to draw some inferences from 
the hysteresis gurves and from the tem- 
perature coefficients of rods of different 
materials if they are geometrically alike. 
Most of my experiments on _ the 
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strengths of round cast-iron bar magnets 
have been made with pieces eighteen centi- 
metres long and either 0.95 centimetre or 
1.25 centimetres in diameter, of which I 
have a good many, some new and some 
cast two years ago. These were usually re- 
laxed' after their hardening by being 
boiled in water for some time; next they 
were magnetized to saturation in a solen- 
oid, and then tl ey were again boiled and 
“aged” in the usual manner. The result- 
ing magnets were finally tested in compe- 
tition with a large number of seasoned 
tool steel magnets, of different brands 
but all of the same dimensions as the 
castings, with the help of a mirror mag- 
netometer. The cast-iron magnets looked, 
of course, rather rough in comparison with 
others made of polished rod, but their 
moments differed among themselves less 
than those of an equal number of the 
steel magnets made of any one brand. 
Just one of the tool steel magnets had a 
moment sensibly greater (about four per 
cent) than any of the cast-iron magnets, 
but the average of the moments of the 
cast-iron magnets was rather greater than 
those of the steel, even after the records 
of the two or three steel magnets with 
abnormally low moments had been re- 
jected. 

Two years ago? I measured the tem- 
perature coefficients of a good many bar 
magnets of cast iron and steel. In every 
instance, as was to be expected, the rate 
of loss of moment per degree of rise of 
temperature was much greater at tem- 
peratures near the boiling-point of water 
than at room temperatures, but if for pur- 
poses of comparison we used the mean 
loss, per degree, of the magnetic moment, 
when the magnet was heated from about 
ten degrees centigrade to 100 degrees 
centigrade expressed in terms of the 
moment at the lower temperature, it ap- 
peared that in the case of rods sixteen 
centimetres long and 0.95 centimetre in 
diameter these mean losses were : 

0.00042 for seasoned, chilled, cast-iron 
magnets ; 
0.00046 for seasoned magnets made of 

Crescent steel drill rod ; 

(0.00046 for seasoned magnets made of 

Jessop’s round black tool steel ; 
while they were 
0.00070 for seasoned magnets made of 

Jessop’s square tool steel sixteen centi- 

metres long and of cross-section nearly 

that of the round rods. 





i Barus and Strouhal, Builetin of the U.S. Geological 
Survey. No. 14, 1885. 

2 Pierce, Proceedings, American Academy of Arts and 
Sciences, February, 1903, 
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In the case of shorter rods the differ- 
ence was still more in favor of the castings 
because, I suppose, they were more uni- 
formly hardened in the interior than the 
steel could be. 

If an iron casting which has been hard- 
ened and boiled is magnetized in a solen- 
oid either to saturation or to a degree 
which falls much short of this, it is prac- 
tically impossible to decrease the moment 
by even so little as a tenth of one per 
cent, by striking the magnet on end with 
a wooden mallet or with a stone. I have 
tested many such magnets by dropping 
each two or three hundred times upon a 
stone slab, or by giving it hundreds of 
sharp blows with wooden clubs; the mag- 
nets get a little warm during this harsh 
treatment, but when their temperatures 
again fall to the original point the mo- 
ments, which may have fallen a small frac- 
tion of one per cent, regain wholly, so far 
as my observations go, their old values. 
Some few of the specimens of special 
magnet steel that I have examined are 
nearly equal to the castings in this respect. 

Prolonged boiling has, however, always 
reduced the moment of the cast-iron mag- 
nets very sensibly, and this loss may be 
as much as twenty per cent when the 
magnetizing field has been an extremely 
strong one and the residual moment is 
very high; if the casting has not been 
magnetized to saturation, the loss of 
moment by boiling is much less. If, after 
a cast-iron magnet has been seasoned, its 
temperature be suddenly raised from 
room temperature to 100 degrees centi- 
grade, and then as suddenly lowered, the 
magnet may not wholly recover its 
original strength until after the lapse of 
several hours; if, however, the upper limit 
be only fifty degrees centigrade, there 
seems to be no sensible lag in the attain- 
ment of the whole of the original moment 
after the testing. 





The Electrical Production of Steel. 

The Pueblo, Col., Chieftain states that 
a test of a process for the manufacture 
of steel in the electric furnace is to be 
made by the Colorado Fuel and Iron 
Company. The experiment will be con- 
ducted under the supervision of Dr. P. L. 
T. Heroult, who has had a wide experience 
in this work. It is hoped by this means 
that a good quality of steel may be ob- 
tained from the available ore, which con- 
tains sulphur and phosphorus. If the 
experiment is a success, several iron mines 
owned by the company will be reopened. 
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The Proceedings of the International 
Electrical Congress. 

The proceedings of the International 
Electrical Congress have been published in 
three volumes, and are being distributed 
to the membership throughout the world, 
As was anticipated, these volumes form 
a very valuable addition to the literature 
of electrical engineering. The work has 
been issued in two forms—one in paper 
covers for private binding, and the other 
in half morocco and green baize. Each 
volume is carefully indexed, and includes 
a roll of members and a list of subscribers 
to the transactions. There is a total num- 
ber of 159 papers. These include 2,844 
pages. “There are 698 line engravings, 
124 half-tone engravings, and _ three 
photogravure frontispieces, making a 
total of 825 illustrations. 

The membership of the Internationa! 
Electrical Congress is geographically dis- 
tributed as follows: United States and 
Canada, 1,634; Mexico, Central America, 
12; South America (four countries) 7; 
Great Britain, 139; Italy, 66; France, 
46; Germany, 27; Austria-Hungary, 24; 
Sweden, 11; Holland, 8; Switzerland, 7; 
other European countries (five), 8; Japan, 
39; other Asiatic countries (two), 10; 
Africa, 4; Australasia, 11; making a total 
of 2,053. In addition to this there are 
subscriptions from fourteen countries 
amounting to 216, making a total of 
2,269 subscribers. 





A Large Steam Turbine Unit. 

The first of two powerful steam tur- 
bines constructed for the electric generat- 
ing station of Essen, Westphalia, has been 
completed by Brown, Boveri & Company, 
of Mannheim. The turbine is rated at 
10,000 horse-power, and it drives directly 
a three-phase, 5,000-kilowatt, 5,000-volt 
generator and a 1,550-kilowatt, direct- 
current generator, as well as an exciter 
for the two machines. The angular 
velocity is 1,000 revolutions per minute. 
The total length of the unit is 19.68 
metres. Of this length, 9.4 metres are 
occupied by the turbine proper, 5.84 me- 
tres by the alternator, and 4.39 metres by 
the direct-current machine. The founda- 
tion plate of the group is 2.5 metres wide, 
while the greatest width occupied by the 
unit is 3.2 metres. The highest point is 


four metres above the floor. The weight 
of the turbine is 107,000 kilogrammes; 
that of the complete unit is 190,000 kilo- 
grammes. The machine has not yet been 
tested, but the manufacturers have guar- 
anteed a steam consumption of 6.9 kilo- 
grammes per useful kilowatt-hour.— 
L’Electricien (Paris), June 24. 
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The Development of the Ontario Power Company. 


HE development of _ electrical 
T power at Niagara Falls has long 
attracted widespread attention and 
interest. Since the first installation upon 
the American side descriptions and dis- 
cussions of its works and methods have 
been granted a conspicuous place in 
technical records and scientific press. It 
is not so well known, however, that four 
other developments, each larger than the 
;ioneer, are now drawing or preparing to 
<.aw power from Niagara river. These 
‘i'er so widely and so apparently as to 
-pe and character and express such 
ifferences of conception and method as 








By P. N. Nunn, 


long but unobtrusive building, its farther 
end obscured by spray from the great 
cataract. It is of modest though massive 
design and its colors almost blend with 
those of the overhanging cliff. This is 
the power-house or generating station of 
the Ontario Power Company. To the 
right, high above and behind the power- 
house, upon the bluff overlooking both 
gorge and cataract, may be seen another 
great structure, less massive but more 
ornate, which on account of its command- 
ing position is by far the most prominent 
landmark of the Canadian side. This is 
the distributing station of the same com- 





steel penstocks in shafts and tunnels 
down and out through the cliff to 
an equal number of horizontal turbines 
in the power-house below. From the 
generators the electrical cables turn back 
through tunnels to the twenty-two banks 
of switches, transformers and instruments 
of the distributing station above and to 
the transmission lines beyond, completing 
an equipment for more than 200,000 
horse-power. 

The intake-works for the entire 200,000 
horse-power are now finished. One of 
the three main conduits is completed, 
while for the second and third, portals 


. 





Fic. 1.—PLAN OF ONTARIO CoMPANY’sS INTAKE-WORKS. 


to suggest even to the casual visitor a 
doubt as to unity of purpose. It seems 
fitting therefore at this time, when the 
largest of these is about to enter the active 
field, to present before the Institute, and 
through the channels of its proceedings to 
the technical world, a statement of the 
purposes which have obtained and of the 
considerations which have led to so 
fundamental a departure from the type 
of construction hithérto characteristic of 
Niagara Falls, as well as briefly to de- 
scribe a few features which may prove 
to be advances in the art of power-plant 
design. 

Standing upon the upper steel-arch 
bridge and facing the Canadian falls, one 
may observe at the foot of the cliff form- 
ing the right-hand wall of the gorge, a 





1A paper presented at the twenty-second annual con- 
vention of the American Institute of Electrical Engi- 
neers, Asheville, N. C., June 19-23, 1905. 


pany, from which the power generated 
below is controlled, measured, and trans- 
mitted. Away to the left, around the 
bend of the river and hidden by the trees 
of Goat Island, lie the walls, abutments, 
and buildings of the intake and head-gates 
through which the water from Niagara 
river is diverted for use below. In the 
park between these extremes, seen just be- 
yond Horse Shoe falls, stands the power- 
house of the Canadian Niagara Power 
Company, while to the left another power 
plant, that of the Electrical Development 
Company, is rapidly building. 

From the head-gates of the Ontario 
company three great steel-and-concrete 
tunnels or conduits beneath the surface 
of the park will convey nearly 12,000 
cubic feet of water per second to the 
top of the cliff above the power-house. 
Thence it will pass through twenty-two 


and head-gates have been installed and 
a portion of the excavation made. Six 
of the twenty-two penstocks are already 
in place within their shafts and tunnels 
and two others are building, while the 
power-house is nearly prepared for the 
concomitant apparatus. The distributing 
station is ready for the switchboard of 
the entire twenty-two units, for the trans- 
formers of eight, and for other apparatus 
of fourteen. As to equipment, the pres- 
ent month will witness one complete unit 
being operated, a second being tested, a 
third being installed, and a fourth being 
completed at the factories, with other 
units to follow as equipment of such size 
can be manufactured and installed. 

The purpose and methods followed in 
the development of the pioneer plant and 
the environment and natural conditions 
at Niagara Falls have become so well known 
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that interest in this younger development 
necessarily centres in its salient features 
or in those most likely to represent ad- 
vance in engineering. The chief of these 
are the arrangement of intake-work, the 
design of main conduit and spillway, the 
horizontal-shaft units, the symmetry of 
arrangement, the centralization of con- 
trol, and the protective isolation of appa- 
ratus. 

The intake-works have been located 
and designed with especial reference to 
the ice difficulties which have been the 
limiting factor in the success of Niagara 
power. Cake-ice in enormous quantities 
floats down for weeks at a time from the 
Great Lakes, and mush-ice is formed in 
the turbulent rapids primarily by the 
freezing of spray and foam and _ sec- 
ondarily by the disintegration of cake-ice. 
To avoid the latter the intake is located 
in the smooth but swift water just above 
the rapids; to exclude the former the fol- 
iowing features have been introduced. A 
long and tapering forebay protected at 
its entrance by the main intake termi- 
nates at its narrow, down-stream end in 
a deep spillway. Upon the river side it 
is enclosed by a submerged wall, while the 
other side adjacent to the spillway is 
occupied by the main screen structure 
leading to the inner bay and to the portals 
and head-gates of the three conduits. 

The intake, nearly 600 feet long, 
stretches across the inlet or bay at Duf- 
ferin Island, almost parallel with the 
current in the river. Throughout its 
length a concrete curtain-wall extends 
down nine feet into the water, here 
fifteen feet deep, so that the gate openings 
beneath admit only deep water, and this 
at right angles to the swift exterior sur- 
face flow which, sweeping the full length 
of the curtain, carries the floating ice to 
the rapids beyond. At the main screen 
this operation is repeated. This struct- 
ure, 320 feet long in twenty feet of water, 
lies across the entrance to the inner 
bay and parallel with the direction 
of flow in the outer bay. Again 
a curtain, formed by the front wall 
of the enclosing superstructure, ad- 
mits to the screens only deep water, here 
also at right angles, while it excludes 
ice with the surface current maintained 
through the forebay by a voluminous 
spill of surplus water. 

At the gate structure, where the water 
is thirty feet in depth, the tapering 
portals leading to the electrically operated 
Stoney head-gates are protected with 
wide-mesh screens which are also enclosed 
and safeguarded by a curtain carried by 
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the front wall of the gate-house. The 
bay in front of the curtain communicates 
with the river by an ample ice-run. Sub- 
stantial concrete buildings shelter both 
head-gates and main screens. In each 
case an open canal between curtain and 
screen spills into a gravity ice-run empty- 
ing into the river. Both buildings are 
supplied with steam for heating and 
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The height of the water in Niagara 
river, and therefore the volume here 
available, is dependent upon the surface 
elevation of lake Erie, the erosion of the 
river bed, and such temporary causes as 
ice gorges, storms, etc. From calculations 
based upon comparative observations ex- 
tending over a number of years and upon 
government reports of lake Erie levels 
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thawing from an underground boiler 
plant situated in the common abutment. 

Thus the water before entering the con- 
duits must pass in succession three auto- 
matically selective steps, each excluding 
surface water and its floating ice, and two 
screens, each behind ice-runs in heated 
buildings containing live steam for emer- 
gencies. Serious trouble is not believed 
possible while these provisions are main- 
tained with reasonable care. 

Screen frames are removable by an 
electric crane for cleaning and changing. 


for nearly fifty years, the elevations o! 
the intake have been so selected that a! 
extreme low water and most adverse con- 
ditions a full supply of water should be 
secured, 

The main conduits are of 0.5 inch 
riveted and reenforced steel imbedded in 
concrete, eighteen feet and twenty feet 
in diameter, 6,500 feet long, and are 
buried within the rock and soil of tie 
public park. Through them the water 
flows at a velocity of approximately fif- 
teen feet per second. Just beneath the 
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Fie. 3.—SEcTIONAL DETAIL THROUGH GENERATING AND DISTRIBUTING STATIONS. 


‘On account of its location in the public 


park, the top of the long, narrow screen 
house, approached at either end by broad 
steps and landings, is finished as a 
promenade. From this point of vantage 
one may have a superb view of the upper 
rapids. The islands and channels made 
in the course of this work give great 
opportunity to make this portion of the 
park most picturesque. 


top of the cliff behind the power-house, 
within a long underground chamber, the 
arched roof of which supports the conduit 
above nine-foot diameter branches pass 
from the under side of the conduit 
through gate-valves and become the pen- 
stocks, each supplying water at ten feet 
per second to a single turbine. Each 
penstock has two expansion joints, a 
massive thrust anchorage in the power- 
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house foundations, and an automatic 
relief-valve and a stone-catch discharging 
into the river. The nine-foot valves are 
electrically operated under distant con- 
trol from the power-house below, and are 
so constructed that all working parts may 
be removed for attention while the pen- 


‘The spillway at the end of the conduit, 
to prevent water-hammer in case of sudden 
loss of load, is little more than the en- 
larced and elevated end of the main 
conduit equipped ‘with an_ enclosed 
weir and underground discharge. Its 
peculiar features are its adjustable weir 
an! helical discharge-tunnel which, after 
a sicep initial pitch in the taper from 
the weir, follow a uniform grade and 
s:ametrieal curve while circling about 
t» reach the river, thus preserving a 
s:0oth unbroken water column of highest 
yocity and least expenditure of energy. 
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shafts which project through stuffing- 
boxes to an external controlling mechan- 
ism, thus freeing the casing from the 
objectionable interior gate-rigging and 
leaving its approach to the guides sym- 
metrical and open. While the velocities in 
housings and draft-tubes are high, corre- 
sponding losses are avoided by nicely 
modulated changes of both velocity and 
direction and by symmetrical and liberal 
curves free from abrupt angles or ob- 
structing projections. 

Of the 175-foot head, twenty feet are in 
the ten-foot diameter draft-tubes, because 
the floor of the power-house has been ele- 
vated twenty-six feet above mean water 
level to provide for the excessive varia- 
tions to which the water in the gorge is 
subject. While bearings are self-oiling, 
all are equipped with water-cooling sys- 
tem, and for still greater insurance a 
piping system for the changing of oil has 
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recently by vertical steam turbines, yet at 
best they entail much auxiliary apparatus 
requiring espeeial care and frequent ad- 
justment. With high-head turbines they 
have an uncertain record to be shunned 
— continuity of service is essen- 
tial. 

To reduce load upon the step-bearing, 
the vertical unit is usually of highest per- 
missible speed. While efficiency at the 
generator is favored by this high speed, 
the effect upon the turbine is diametric- 
ally opposite and usually many times 
greater. This is because highest efficiency 
and durability seem to require “normal” 
reaction—a radial relative direction of 
bucket entry—and narrowly limited rela- 
tive dimensions of runner. At such re-. 
action peripheral velocity of runner (the 
components of which—diameter and ro- 
tation—are inversely proportional) is 
fixed by head. At such relative dimen- 








Fig. 4.—GENERATING AND DistrRiIsuTING STATIONS DuRInG CONSTRUCTION. 


The purpose here is to prevent erosion, 
restricted flow, and excessive air-suction, 
the latter on account of the danger of 
formation of ice from spray under forced 
circulation of air. 

The generators are of conventional 
horizontal-shaft type, three-phase, twenty- 
five-eycle, and deliver 12,000 volts at 
187.5 revolutions per minute. The tur- 
bines are of Francis or inward-flow type, 
double, central-discharge or balanced twin 
turbines designed to deliver 12,000 horse- 
power under 175-foot head. Their shafts 
are twenty-four-inch maximum diameter 
and each carries two seventy-eight-inch 
cast-steel runners of “normal” reaction. 
Housings are of reenforced steel plate, 
sixteen feet in diameter, spiral in eleva- 
tion and rectangular in plan. Gates are 
of the wicket or paddle type, and the ro- 
tating guides forming them are carried by 


been so connected that in emergency it 
is instantly available for forced lubrica- 
tion. Believing that disorders of bear- 
ings and journals, like those of people, 
are usually the culmination of gradually 
increasing ailment, each bearing is sup- 
plied with an automatic record-making 
thermometer providing the superintend- 
ent with a daily record, not only of the 
temperature of the bearing but also of 
the temperament of the attendant as well. 
' Although entirely feasible to use the 
vertical-shaft turbine and although re- 
stricted space at the power-house requires 
greatest floor economy, nevertheless hori- 
zontal units are employed on account of 
their freedom from step-bearings, their 
higher efficiency, and their greater accessi- 
bility.. While step-bearings in certain 
places are entirely successful, as long 
since proved by screw propellers and more 


sions power is proportional to- square of 
diameter ; hence, inversely proportional to 
square of rotation. Increase of rotation, 
therefore, means disproportionately great 
decrease of power or abandonment of 
ideal reaction and relative dimensions. 
When carried to the extremes usual with 
vertical units, it results in inefficiently 
high reaction and reduced area of dis- 
charge, unfavorably abrupt changes of di- 
rection in buckets, and a wastefully dis- 
torted and overworked wheel. To such 
an extent is this distortion carried to 
meet special conditions that it is rare to 
find a high-head turbine possessing nearly 
the efficiency or durability possible if 
correctly proportional. In the present 
ease the speed selected permits almost 
exact “normal” reaction and ideal pro- 
portions without sacrifice at the gen- 


erator. 
(To be concluded.) 
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REPORT OF THE ANNUAL MEETING OF 
THE GERMAN: SOCIETY OF ELEC- 
TROCHEMISTS AT KARLSRUHE, 
JUNE 2 AND 3, 1905. 


BY JOHN B. C. KERSHAW. 


The annual meeting of the Bunsen 
Gesellschaft was held this year at Karls- 
ruhe, in Germany, on June 2 and 3. The 
papers of special interest to electricians 
and chemists are reproduced in abstract 
The following is a complete 
list of the papers read at this meeting 
with their authors’ names attached. Those 
marked with an asterisk are abstracted in 
A full and detailed 
report of all the papers and the discussion 
upon them may be seen later by readers 
specially interested in the official organ 
of the society—the Zeitschrift fur EHlek- 


lrochemie. 


form below. 


the following pages. 


JUNE 2. 


“Electrolysis with Alternating Cur- 
rents,” Professor Le Blane. 

“Concerning Paints and Painting,” 
Professor W. F. Oswald. 

“A Geological Thermometer,” Pro- 


fessor van’t Hoff. 

“The Formation of Hydrogen Peroxide 
at High 'Temperatures,” Professor W. 
Nernst. 

“The Radio-Activity of the Hot Springs 
at Baden-Baden,” Professor Engler. 

“Tantalum and the Tantalum Lamp,”’* 
Dr. W. von Bolton. 

“The Physical Chemistry of Wine,” 
Professor Paul. 

“The Teaching of Physical Chemistry 
in Schools,” Professor Wagner. 

“Qrganic Chemistry Reactions,” Pro- 
fessor Goldschmidt. 

“Accumulator Cells without TLead,’* 
Professor Elbs. 

“Accumulator 
Dr. Griifenberg. 

“Pharmaceutical Preparations and Life 
Activity,” Professor Dreser. 

“Assimilation of Carbonic 
Plants,”* Dr. Lob. 

“Oxidation of Nitrogen by the Spark 
Discharge,” Dr. Brode. 

“Anodic Behavior of Manganese and 
Zinc,” Dr. Miiller. 

JUNE 3. 


Cells without Lead,” 


Acid by 


“Physical Measurements in the Contact 
Process for Sulphurie Acid Manufacture,” 
Dr. Bodenstein. 


“Tlectrode Potentials,” Professor Luther 
and Dr. Kriiger. 


“Explosive Antimony,” Professor Cohen. 


“The Working of Enzymes and Hetero- 
geneous Catalysis,” Professor Henri. 
s ysis, 


“Fluid Crystals,” Professor Schenck. 

“Refraction Measurements,” Dr. Lowe. 

“The Atomic Weight of Bismuth,” Dr. 
Gutbier. 


“Qzone,”* Professor Luther. 
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“Purification 
Acid,” Dr. Jordis. 

“Qxidation of Palladium,”* Dr. Wohler. 

“The Molecular Weight of Solvents,” 
Dr. Drucker. 

“The Molecular Weight of Solvents,” 
Dr. Bechold. 

“Ferro ‘Ions’ in Ferrocyanide of Pot- 
ash,” Professor Haber. 

“Magnetic Compounds from Diamag- 
netic Substances,”* Dr. Wedekind. 

“The Electrochemical Equivalent and 
the Electrical Conductivity of Metals,”* 
Dr. M. Reiganm. 


of Gelatinous Silicic 





“TANTALUM AND THE TANTALUM LAMP.” 
DR. WERNER VON BOLTON. 

The author dealt with the history of this 
rare metal and described the method by 
which he had prepared the first rods of 
tantalum for use in the new electric lamp 
of Siemens & Halske. Tantalum tetraoxide 
was first made by heating the pentoxide 
with carbon to a white heat, after render- 
ing it plastic with paraffine. 

The rods of tetraoxide were then pro- 
vided with platinum contact pieces at each 
end, and after fixing in an exhausted 
glass bulb were submitted to the action of 
an alternating current. The metal sepa- 
rated at the cathode, and the oxygen at 
This oxygen did not attack 
the metal, owing to its highly rarefied 
state. As a white heat was approached, 
white metallic patches appeared upon the 
rod, and gradually increased in size. The 
metal obtained in this way could be bent 
on raising to a moderate temperature. 
The above method of preparation had, 
however, been discarded in favor of one 
in which a mixed salt of tantalum fluoride 
and potassium fluoride was reduced by 
potassium. Pure metallic tantalum was ob- 
tained by this method, mixed with its 
oxide. The separation of the tantalum 
and the unaltered oxide was finally ef- 
fected by fractional distillation. The 
author showed a regulus of the metal 
weighing sixty-four grammes, which had 
been obtained by this method, with an ex- 
penditure of seventy-five horse-power. 
Details of the: method were, however, not 
forthcoming. The metal was very ductile, 
and wire only 0.03 millimetre in diameter 
could be manufactured by drawing down. 
It could also be bored or cut with hardened 
steel in quicksilver; but the steel-cutting 
tools quickly lost their edge. If the metal 
contained unaltered oxide, its hardness 
was greatly increased, and it was then 
harder than the diamond. Since such an 
oxide-holding metal is tougher than the 
best hardened steel, it would form an al- 
most perfect protective metal for battle- 
ships and cruisers, but the cost renders 


the anode. 
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this application of the metal out of the 
question. 

The minerals containing tantalum are. 
however, fairly widely distributed, and it 
is the cost of extraction which renders the 
metal so expensive. 

Tantalum is of interest to the electro- 
chemist by reason of its assumption of the 
passive state under certain conditions. A 
cell composed of two electrodes of this 
metal, with sulphuric acid as electrolyte, 
will not allow an alternating current of 
even .120 volts to pass. By substituting 
platinum for tantalum as one electrode 
the cell allows current to pass in one direc- 
tion only, and such a cell can, therefore. 
be used as a current rectifier. 

Tantalum at a red heat decomposes 
water and burns with evolution of hydro- 
gen. A fine wire of the metal, ignited |} 
a match, burns slowly in the air, wii!) 
formation of the pentoxide. As the melt- 
ing point of the metal lies in the neighhor- 
hood of 2,300 degrees centigrade, tantalui 
volatilizes little when used in glow lamps. 
and it is therefore specially suited for this 
purpose. The light produced for a given 
energy consumption is also much higher 
than with carbon. The author exhibite: 


a tantalum lamp in which sixty-five centi- 


meters of fine tantalum wire were fixed 
upon a central support, of glass rod ani 
nickel arms, having the shape and appear- 
ance of an umbrella frame. The tantalum 
wire was stretched round this frame upon 
the nickel arms extending from the cen- 
tral glass rod. A lamp taking 1.5 watts 
per candle had a temperature of 1,700 
degrees centigrade or 600 degrees centi- 
grade lower than the melting point. At 
temperatures above 1,700 degrees centi- 
grade the metal becomes crystalline in 
structure. A twenty-five-candle-power 
tantalum lamp requires 0.55 ampere at 110 
volts, or 1.55 watts per candle; whereas 
the ordinary carbon filament lamp of the 
same power requires twice this current. 
The energy consumption of the new lamp 
is therefore about equal to that of the 
small Nernst lamp. If the tantalum wire 
of the new lamp be heated above 2,000 
degrees centigrade the light becomes un- 
bearable to the naked eye, and with an 
energy consumption of 0.3 watt per candle, 
at which the lamp has a power of 330 
candles, the metal melts. 





“ACCUMULATOR CELLS WITHOUT LEAD.” 
PROFESSOR ELBS, GIESSEN. 

The author dealt with the principle of 
all non-lead accumulator cells, and pointed 
out that one essential difference between 
the two types was that in the lead accumu- 
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lator cell the electrolyte took part in the 
chemical reactions of the cell, while in the 
non-lead accumulator cell it simply acted 
as an electrical conducting medium. 

‘he chemical reaction in the usual alka- 
line « unulator cell was : 


Fe .si(OH), = Fe(OH),.+2Ni(OH), 

}.on has a tendency, however, to assume 
the ,assive state in concentrated solutions 
of sixali hydrate. This tendency can be 
chocsed by heating iron in the state of 


fili ss in the air, reducing the oxide in 
hy -ogen, and by submitting the reduced 
iv» to eathodie action in a potassium 
vate cell. The iron treated in this way 
jlarizes fairly quickly when used as 
de in an alkali cell. It suffers from 
lefect that the chemical and physical 
ages have only affected the surface of 
- iron filings; and a core of unaltered 
n remains. As regards the successive 
vs in the oxidation of this iron, nothing 
v certain is known. 
it is probable that the hydrate formed 
that of the divalent iron Fe(OH), 
| that the easily recognized yellowish 
‘valent hydroxide Fe(OH), forms only 
later oxidation due to the air. This 
| valent hydroxide is, however, not easily 
\uced to the lower stage of oxidation by 
thodie reduction. The reactions at the 
n cathode are therefore: 


1 Fe ~~~? Fe(OH), (chemical) 


<————_ 





* Fe +2 © (electrical) 


2 Fee 
The oxidation product of Ni (OH), is 
slways Ni (OH),, and never a higher 
xide; while the reduction product of the 
itter is always Ni (OH),. 
The reactions at the nickel electrode are 
herefore : 


1 Ni(OH), — ~~ Ni (OH), (chem.) 


2 and Ni < ___ Ni + @ (electrical) 

The capacity of the cell does not in- 
-rease with use, since the iron electrode 
in not be farther “formed” by continual 
harge and discharge. The solubility of 
iickel hydroxide in caustic potash solution 
: very small as compared with that of the 
obalt hydroxide; the latter is not, there- 
ore, adapted for use as a substitute for 
‘ickel in an accumulator cell. The elec- 
romotive force of the freshly charged cell 
aries from 1.42 to 1.48 volts. This falls 
slowly in standing to 1.35 or 1.37 volts, 
-o that 1.36 volts must be regarded as the 
:ormal electromotive force of the cell. 

This electromotive force is independent 
of the concentration of the electrolyte. 


‘ELECTRICAL REVIEW 


“THE ASSIMILATION OF CARBON DIOXIDE 
AND FORMATION OF: SUGAR 
BY PLANTS.” 
PRCFESSOR W. LOB, BONN. 


The author has worked out in the- 


laboratory the method by which he con- 
siders it probable that nature produces 
sugar in plants from carbon dioxide and 
water. ‘The guide to the changes which 
occur in this synthesis he obtained by 
study of the chemistry of the reverse proc- 
ess. Sugar yields CH,CH,OH, CH, 
COH, CH,0, and CHy,, as intermediate 
products in the breaking down process, 
ending in the production of water and 
carbonic acid gas. The simple equation 
is thus: 
C,H,,0, = 6H,O + 6CO,. 

Carbonic acid and water, under the in- 
fluence of the silent electric discharge, 
yield carbonic oxide and formic acid, and 
from these products formic aldehyde can 
be produced. From formic aldehyde, 
methane can be obtained by treatment 
with hydrogen; and methane and carbonic 
oxide yield acetic aldehyde and acetic acid 
by reactions similar to those already de- 
scribed. The higher and more complex 
intermediate products between CO, and 
H.O on the one side, and C,H,,0, (sugar) 
on the other, are produced by analogous 
reactions, and by the action of the silent 
electrie discharge on these products. In 


‘conclusion, the author asserted that the 


presence of CO, and H,0 in the cells of 
plants, together with the requisite amount 
of energy, would explain the synthetic pro- 
duction of sugar along the lines of the 
changes sketched out above. The exact 
details of the synthesis might, however, 
differ in different plants. The popular 
idea that chlorophyll was the active agent 
in this synthesis was incorrect; energy in 
the form of light was requisite to bring 
about the transformation. Chlorophyll 
was most probably the agent which carried 
away the oxygen produced during the 
chemical changes involved; removal of 
this oxygen being one of the conditions of 
« good yield of sugar. 





“NOTES ON OZONE.” 
PROFESSOR LUTHER, LEIPZIG 

Ozone as an oxidizing agent in most 
oxidation processes works as a divalent 
molecule, since only one-third of the 
oxygen present in the molecule of ozone 
takes part in the chemical reaction. 
Should however the product of this re- 
action be acted upon by gaseous oxygen, 
further oxidation occurs, and all of the 
oxygen atoms present in the ozone mole- 
cule take part in the reaction, which be- 
comes hexavelent in character. In acid 
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solutions, the valency of the ozone mole- 
cule shows another change. 

This value is therefore variable, and 
it can be best determined by means of 
Heroult’s formula and method. 

This depends upon measuring the elec- 
tromotive force of the ozone solution at 
various degrees of concentration, using 
electrodes not acted upon by the electro- 
lyte. Should the ozone be acting with 
one-third of its oxygen, the electromotive 
force alters 0.058 volt, when the concen- 
tration is varied ten per cent. When two 
atoms of oxygen enter into the reaction, 
the electromotive force varies * aid or 
0.029 volt. In order to determine the con- 
centration of the ozone solution, FeSO, 
was employed, the excess of this being esti- 
mated by means of titration with KMnO, 
solution. In such a solution, the electro- 
motive force measured with platinum 
electrodes was 0.054 volt; the reaction was 
therefore with one atom or molecule of 
oxygen. Although this result is sur- 
prising, the author holds that Grafenberg 
is wrong in considering that the ozone 
molecule acts as a hexad in such a solu- 
tion, and that all six of its valencies are 
engaged in the reaction. (rafenberg’s 
theory that ozone, in the gaseous form, 
possesses a higher reaction valency than 
when dissolved was also disproved by the 
author, who showed that this would in- 
volve a contradiction of Henry’s law re- 
garding the solution pressure of dissolved 
gases, and direct experiment proved that 
no such contradiction occurred. Experi- 
ments carried out with iridium electrodes 
in place of platinum also confirmed the 
correctness of the author’s view. 

The equation given below therefore 
represents the usual change when ozone 
is used as an oxidizing agent: 

10,+ 26 =0,+0 
or 
2 0, +206 + 2H = 0, 4+ H.O. 

It is perhaps allowable to assume that 
ozone exists in an active and passive state 
like chromium, and that in the former it 
acts as a dyad, and in the latter as a 
hexad, in chemical reactions. This would 
render the valency dependent upon the 
reaction, not upon the agent used. 
Nernst has raised as an objection to the 
application of his method for determining 
the valency of the reaction in this par- 
ticular case, that the production of 
oxygen at one electrode may influence 
the results observed. The author points 
out that this objection is not supported 
by the experimental results; for the elec- 
tromotive-force variation is always 0.058 
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or 0.029 volt, and no intermediate values 
have been observed. Professors Haber 
and Nernst joined in the discussion of 
this paper, and referred especially to the 
electromotive force of the oxygen and 
hydrogen gas cell, which Nernst gave as 
equal to 1.2207 volts. 





“THE OXIDATION OF PALLADIUM AND OF 
PLATINUM.” 
PROFESSOR WOHLER, KARLSRUHE 

Palladium on heating commences to 
frit at 875 degrees centigrade and then 
oxidizes rapidly though not completely. 
Palladium foil turns green in color at 
830 degrees centigrade. The author has 
investigated the dissociation curve, the 
formations of heat and other physical 
constants relating to the oxidation of this 
metal. 

The heat of formation is twenty-four 
calories, and no suboxide of palladium 
could be found. On the other hand, 
platinum yielded two oxides, the lower of 
which formed about 400 degrees centi- 
grade and dissociated again at 560 degrees 
centigrade. For this reason, the oxida- 
tion of platinum at this temperature had 
often been overlooked. 

Oxidized platinum contains seventy per 
cent of the lower and thirty per cent 
of the higher oxide. After frequent 
oxidation of the platinum and decompo- 
sition of the formed oxide by heating, 
the metal becomes Jess able to unite with, 
or to retain, oxygen in the form of oxide. 
In other words, the rate of dissociation of 
the oxide exceeds the speed of its forma- 
tion. 





FORMATION OF MAGNETIC 
POUNDS FROM DIAMAGNETIC 
ELEMENTS.” 


“THLE CcOM- 


Dk. E. WEDEKIND, TUBINGEN. 

The author has recently prepared com- 
pounds of manganese and boron by aid 
of the Goldschmidt aluminum reduction 
process. Compounds having the composi- 
tion MnB and MnB, were prepared by 
this method, and both were magnetic. 
The crystalline product was powdery and 
could not be melted, so its magnetic prop- 
erties were determined by comparison 
with those of powdered iron. The mag- 
netic saturation curve was studied up to 
a field strength of 1,100-1,300 units. 

The highest point of the curve for 
manganese boride lay about one-half of 
the height of that for iron; while the 
magnetic saturation point was attained 
in the first case with 1,200 units, and 
in the second with 650 units. 

Manganese arsenide is diamagnetic; 
while an alloy of manganese and bismuth 
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is magnetic, although bismuth is strongly 
diamagnetic. The author gives as proof 
that these combinations are not mere 
alloys, the fact that by treatment with 
chlorine gas the excess of either com- 
ponent can be removed without causing 
decomposition of the whole. They are 
also non-conductors of electricity. If one 
fills a glass tube with any of these 
powders, and then magnetizes its con- 
tents, and hangs the tube by a thread 
from its centre it will assume a north 
and south line. By shaking it, however, 
the magnetic charge is dispersed. 





“THE ELECTROCHEMICAL EQUIVALENT, AND 
THE ELECTRICAL CONDUCTIVITY 
OF METALS.” 
DR. M. REIGANUM, 

The author has traced a connection be- 
tween Faraday’s law and the electrical 
and heat conductivity of the metals. 

Taking e as the electrical charge, wu as 
the mean molecular speed, m as the mass 
of the particles which carry the current, 
T as the absolute temperature, K as the 
heat conductivity coefficient, and P as the 
electrical conductivity, the equation 

_ . m -; ] 
P~ 2 ( es: ; 
is obtained. This equation expresses the 
law discovered by Wiedemann and Frantz. 
The portion of the expression within 
brackets can be calculated out for electro- 
lytes. It will be found that basing the 


calculation on the value = for metals, 


m u* 
the value obtained for - ‘ is exactly 
the same as that for electrolytes. The 
proportion between active force and 
charge is the same in the case of the 
metallic conductor as in the fluid state; 
and is that of a single charged ion. In 
other words, if the active force be similar 
in the two cases, the charge of the metal 
carrier will be exactly that of a single 
ion. 

The equation given above is made up 
of the two separate equations for elec- 
trical and heat conduction: 
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in which N is the number of conducting 
ions per unit of volume. 

By the aid of the first equation, one 
can calculate the number of charges per 
atom. 

An illustration of this method of calcu- 
lation in the case of copper was finally 
given. 

Thus 


2 
Ne If one 





equals 7.10° units. 


takes for — the value of the cathode 


rays—1.%6 x 10’, one obtains N e = 3.7 
x 10° units. Therefore every copper 
atom must carry two free. ion charges of 
electricity. 





Vol. 47—No. 3 


ANNUAL MEETING OF THE SOCIETY FoR 
THE PROMOTION OF ENGINEERING 
EDUCATION. 


ATLANTIC CITY, N. J., JUNE 28-29, 


The annual meeting of the Society for 
the Promotion of Engineering Education 
was held at the Hotel Chalfonte, Atlantic 
City, N. J., June 28 and 29. At the open- 
ing session committee reports were read 
announcing progress in. the different lines 
taken up by the association. The afte:- 
noon session was devoted for the most 
part to the reading and discussion of thc 
following papers: “A Course in Struct- 
ural Engineering,” by Frank H. Con- 
stant, professor of structural engineerin«, 
University of Minnesota; “Some Poin's 
on the Teaching of Mathematics to En. - 
neering Students,” by Florian Cajoy.. 
professor of mathematics and dean of t', 
engineering school of Colorado Colleg:; 
“Symposium: Methods of Handling Pro!:. 
lem Work in Large Classes,” by E. Pf. 
Maurer, professor of mathematics, Uni- 
versity of Wisconsin. 

Samples of problem cards were show: 
by Professor Maurer and _ Professo 
Cajori. A mathematical or engineerin: 
problem is stated on the card, and is 
sometimes illustrated by a diagram. The 
card is given to the student, which he re- 
turns with his solution of the problem. 
A similar card is held by the instructor, 
numbered to correspond with the problem 
card. Upon this card the essential fea- 
tures of the solution of the problem are 
made out, and the card is compared wit! 
the one which is handed in by the student. 
This symposium elicited considerable dis- 
cussion, which was participated in by Mr. 
Charles S. Howe, president of the Case 
School of Applied Science; Professo: 
Mansfield Merriman, of Lehigh Uni- 
versity, and others. 

The other papers of the afternoon ses- 
sion were: “A Field Course in Mine Sur- 
veying,” by Frederick W. Sperr, professor 
of civil and mining engineering, Michi- 
gan College of Mines; “Summer Survey- 
ing at the University of Wisconsin,” by 
Leonard S. Smith, assistant professor of 
topographic surveying, University of Wis- 
consin; “Summer Surveying at Cornel! 
University,” by Charles L. Crandall, 
professor of railway engineering, Cornel! 
University ; “Opportunities for Engineer- 
ing Graduates in Government Service,” 
by John F. Hayford, chief of division, 
United States Geodetic Survey. 

At the evening session Fred W. McNair 
delivered the presidential address, entitled 
“American Mining Schools.” Professor 
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McNair showed that the growth of the 
mining schools has been more rapid than 
the growth of the mineral industry, and 
enunciated statistics showing the develop- 
ment of this division of engineering train- 
ing. 

‘ic other papers delivered at the after- 


noon session were as follows: “Organiza- 
tion of a School of Engineering,’ by 


\rtior H. Ford, professor of electrical en- 
rinccoring, Georgia School of Technology ; 
“}'»cineering Instruction in Large Tech- 
ni Schools,” by Henry H. Norris, 
as. ‘unt professor of electrical engineer- 
ins, Cornell University; “The Progress 
az Influence of Technical Education,” 
), Victor C. Alderson, president of the 
( ado School of Mines; “The Design 

Kquipment of Engineering Build- 

. by William G. Raymond, director 
©’ the school of applied science, Uni- 
v. sity of Towa. 


in the second day the morning session 
ws devoted to the reading and discussion 
o' the following papers: “Need for In- 

tion in Highway Engineering,” by 
. N. Johnson, highway engineer, United 

tes Department of Agriculture; “The 

iching of Agricultural Engineering in 
and Grant Colleges,’ by C. F. Zinthes, 
professor of farm mechanics, Iowa State 
College; “Report of the Committee on 
oquirements for Graduation,” by Will- 
im G. Raymond; “Education of Me- 
vanies,” by Henry M. Lane; “College for 
\rtisans,” by Frederick E. Turneaure, 
ican of engineering college, University of 
Wisconsin. 

A joint session with the American So- 
ciety for Testing Materials was held on 
ie evening of the second day. The fol- 
‘owing papers were presented: “The Test- 
ug Engineer,” by C. B. Dudley, presi- 
dent of American Society for Testing 
Materials; “Plan and Scope of Proposed 
investigation of Structural Materials 
( nder the Auspices of the United States 
‘icological Survey,” by J. A. Holmes and 
‘tichard L. Humphreys; “A Course of 
iaboratory Instruction in Applied Me- 
‘hanies,’” by W. H. Hatt, professor of 
ipplied mechanics, Purdue University ; 
~\ Course in Properties of Materials,” by 
‘t, lL. Christensen, instructor in mechan- 
cal engineering, Michigan College of 
\lines. 


— 





=e —— 

The Southern Field is an interesting 
‘ionthly publication devoted to the agri- 
cultural, manufacturing, mining and busi- 
sess interests of the country tributary to 
‘he Southern Railway. It is issued from 
ihe office of the land and industrial de- 
vartment of the Southern Railway, Wash- 
‘ngton, D. C., under the direction of M. 
\. Richards, land and industrial agent, 
and will be sent free to any address upon 
application. This paper embraces sixteen 
leven by fourteen-inch pages, and is re- 
plete with interesting information con- 
cerning the industrial possibilities of the 
southland. 
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Electrical Patents. 


The General Electric Company, of 
Boston, Mass., controls a patent granted 
to Willis R. Whitney, of Boston, Mass., 
on a vapor electric apparatus (792,639, 
June 20, 1905). The type of apparatus 
to which the present invention is more 
particularly adapted embodies electrodes 
having a filamentary conductor extending 
from one nearly into engagement with 
the other. For the purpose of starting, 
the free end of the filament is caused 
to engage the electrode or a portion 
thereof to which it is in proximity. To 
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Vapor ELECTRICZAPPARATUS. 





effect this result, the inventor has found 
that the last mentioned electrode, which 
is ordinarily fluid, may be rendered mag- 
netic or capable of being acted upon mag- 
netically. By the use of a magnetizing 
coil, the fluid may then be attracted and 
caused to move into engagement with the 
end of the filament. A contact is thus 
made so as to complete an electrical cir- 
cuit in the apparatus, which contact upon 
deenergization of the magnetic actuating 
device is broken. As the contact is broken 
an incipient are is thus formed which 
extends instantly along the filament from 
the fluid electrode to the cooperating elec- 
trode, and thus completes the starting of 
the apparatus. 

Albert J. Horton, of White Plains, 
N. Y., has recently obtained a patent on 
an improved motor-starter, which he has 
assigned to the Cutler-Hammer Manufac- 
turing Company, of Milwaukee, Wis. 
(792,658, June 20, 1905). The inven- 
tion relates more particularly to improve- 
ments in that type known as “compound 
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starters” which are arranged to control 
the resistance both in the armature cir- 
cuit and in the shunt-field circuit of a 
motor. In compound motor-starters 
which have heretofore been constructed, 
it has been possible for the operator to 
hold the starter lever in an intermediate 
position and then move the field contact 
lever to insert resistance in the field and 
in this manner weaken the field of the 
motor, while some resistance still remains 
in the armature circuit. It has also re- 
quired the handling of two parts of the 
controller, namely, a starting lever for 
starting the motor and bringing it to 
speed and a controlling lever for the field 
resistance. It is the object of the present 
invention to overcome these and other 
objections and construct a starter in which 
means are provided whereby until the 
resistance in the armature circuit is en- 
tirely removed it will be impossible to 
insert resistance in the field circuit to 
weaken the same. By this arrangement 
it is unnecessary to instruct the operator 
how to start the machine, and there is no 
danger of injury to the different parts 
by a careless operator. The invention 
comprises a supply circuit with a motor 
armature and a motor field connected in 
said circuit. A resistance is arranged in 
the field circuit and a second resistance 
is arranged in the armature circuit. The 
field resistance is controlled by a movable 
member, and another movable member 
controls the armature resistance. The 
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second member is movable in one direc- 
tion to remove the armature resistance 
from circuit, and the first member is 
movable in an opposite direction to insert 
the field resistance in circuit. Connec- 
tions are provided between the members, 
whereby they will move in one direction 
together, and the first movable element 
may be moved in an opposite direction 
independently of the second. Means are 
also employed for rendering the first 
movable member ineffective when the two 
members are moved together. 
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Reviews of 


Soldering Aluminum. 

Under the title “Aluminum as a Pat- 
tern Metal,” Mr. H. M. Tuttle describes 
a successful process for soldering this 
metal. The chief difficulty in soldering 
aluminum lies in not knowing how, as 
a fair job of soldering can be done upon 
aluminum with common _ half-and-half 
solder. However, a special aluminum 
solder is much better, as it makes a 
stronger job and is easier to use. The fol- 
lowing alloy has been found to be the 
most satisfactory. It differs slightly in 
color from aluminum, which detracts 
from its use in ornamental work, but it 
is cheap, easy to use, and strong and 
durable. It consists of one part of alumi- 
num, one part of phosphor tin, eleven 
parts of zinc, and twenty-nine parts of 
tin. To make this solder, melt the 
aluminum first, then add the zine in small 
pieces so as not to solidify the already 
melted aluminum; mext add the tin, tak- 
ing the same precaution, and lastly drop 
in the phosphor tin. Stir well with a 
brass rod and pour quickly into moulds, 
which may be made in the open sand. 
The order for mixing given must be fol- 
lowed to avoid loss of the more easily 
volatilized metals. In soldering, the 
soldering copper—which should be a heavy 
one, and untinned—is heated to a dull 
redness and then rubbed back and forth 
upon the surface to be soldered, melting 
the solder upon the hot copper at the 
same time. The surface becomes covered 
with the melted solder, which excludes the 
air and prevents the formation of a film 
of aluminum oxide. The surface thus 
becomes tinned. To join two pieces, the 
parts previously tinned are brought to- 
gether and heated with the soldering cop- 
per or blow torch until the solder is liquid. 
They are then pressed into place and al- 
lowed to cool. Aluminum must be heated 
to about 660 degrees before it will solder. 
—Abstracted from the Mechanical £n- 
gincer (London), June 24. 

s 
Damping of Oscillating Currents Containing 
a Condenser and an Interrupter. 

A serics of experiments made ‘to de- 
termine the method of reducing 
damping in an oscillating electric current 
is here described by M. P. Drude. The 
tests show that for each oscillating cir- 
cuit containing a condenser and an inter- 
rupter there is a certain number of spark 


best 


lengths comprised between limits for 
which the damping effect is least. Be- 
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tween these limits the logarithmic decre- 
ment depends upon the length of spark, 
and it may be held at nearly the same 
value provided the sparks are not pro- 
duced by too small a coil and the con- 
denser does mot suffer from dielectric 
hysteresis or brush discharges. This 
minimum value of the logarithmic decre- 
ment is comprised between 0.05 and 0.08, 
if the electrodes of the interrupter are 
of zinc and the sparks not more than one 
to two millimetres in length. To obtain 
these small values it is necessary to bring 
the gap as close as possible to the term- 
inals of the coil, and it is necessary to 


avoid secondary sparks in __ series 
with the principal spark. To con- 
struct a condenser which is not 
subject to dielectric hysteresis nor 


brush discharges, it is best to employ 
metallic plates submerged in oil, and to 
avoid the use of solid dielectrics. For the 
spark-gap, zine electrodes enable feeble 
decrements to be obtained without fre- 
quent cleaning. There is no advantage in 
using alternating-current transformers in 
place of the ordinary induction coil. The 
effect of the exciting circuit on the reso- 
nant cireuit first diminishes with the 
frequency, and then increases. It de- 
pends more upon the logarithmic decre- 
ment than upon the explosive distance. 
To obtain powerful effects the explosive 
distance should be very small. The re- 
sistance of the spark, calculated from the 
value of the logarithmic decrement, de- 
pends but little upon the length of the 
spark. It varies considerably with the 
values of the capacity and self-induction. 
—Translated and abstracted from 
L’Eiclairage Electrique (Paris), June 10 


and 1%. 
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The Electric Arc in a Vacuum. 

This is a fresh contribution to the 
study of the electric are which has been 
conducted by Mr. C. B. Child. The ex- 
periments were made on the electric arc 
in a vacuum and in hydrogen, using dif- 
ferent substances as electrodes. The po- 
tential variation in the are was explored 
by means of a carbon pencil or a platinum 
wire. The work has led to the following 
conclusions: with graphite terminals and 
with vapor pressures less than 0.7 milli- 
metre of mercury, the drop in potential 
at the anode became less than that at 
the cathode, and whenever a glow ap- 
peared at the anode the drop there in- 
creased from six to fifteen volts. It was 


thought that this glow is similar to that 
seen in “Canalstrahlen.” At pressures 
less than 0.7 millimetre many of the ions 
appeared to move along magnetic lines of 
force when in a magnetic field. With 
carbon terminals and a pressure of 0.1 
millimetre, the drop at the cathode was 
somewhat larger than that at the ano. 
With copper and iron it was found impos- 
sible to maintain an arc with pressties 
of less than about one millimetre, un!:ss 
there was an oxide of the metal on #he 
cathode. Using graphite for one of ‘)¢ 
terminals and various metals for 
other, it was found that the phenome. 
of the are were practically independent «{ 
the nature of the anode. It was im) s- 
sible to maintain an are on a 100-volt « »- 
cuit with a pressure of less than «ov 
millimetre when the anode was graphic 
and the cathode of any of the meii's 
had a high melting point. If the 
metal has a low melting point the av 
is easily maintained. With graphite te- 
minals in hydrogen the drop of the anoi'«: 
was less than that of the cathode for pres:- 
ures above 400 millimetres, the total dro) 
being much greater than with the are in 
air. Between 400 millimetres and 0.’ 
millimetre the drop at the anode was t!) 
greater. At pressures less than ten mil!'- 
metres the are would start on a 500-vol! 
circuit without bringing the terminals in 
contact if they were comparatively warn 
With carbon terminals in hydrogen th: 
drop at the anode was much greater tha: 
that at the cathode. No current cou!:! 
be produced by an alternating electr- 
motive force of 220 volts between iron, 
copper or graphite terminals, at any pres:- 
ures. From the experiments it is believe.! 
that no theory of the are is comple 
which fails to consider the chemical actio» 
occurring in the are. It would also a)- 
pear that the temperature of the catho« 
does not alone account for the produ - 
tion of ions there, and that the productio 
depends very largely upon the meltins 
point of the metal used. With pressure 
less than 0.8 millimetre the positive ion: 
driven from the anode ionize by impaci 
the gas about the anode. With less pres: 
ures this does not occur.—A bstracted frow: 
the Physical Review (Lancaster), June. 
6 
Side Discharges of Electricity. 

There is, says Dr. John Trowbridge, ® 
great probability of an invisible ionization 
constantly taking place between point« 
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maintained at a high difference of poten- 
tial by means of a storage battery of from 
10,000 to 20,000 cells. Such an ioniza- 
immediately becomes visible in a 
special form of Geissler tube. This is in 
the siape of the letter T, the two main 
electrodes being inserted at opposite ends 
of ()« head, and the secondary electrode 
at (> foot. If one of the main electrodes 
he «onnected to the positive pole of a 
hs! oy through a large water resistance, 
ar! the other be connected to the nega- 
ti: pole through a spark-gap, and the 
«ondary electrode be connected to the 
1, whenever a spark discharge occurs 

ss the gap there is a brilliant side dis- 

ge taking place between the secondary 
trode and the primary electrode con- 
ied to the negative pole of the battery. 

_ the other hand, if the negative pole of 
battery be connected between the re- 
stance and the positive through a spark- 

», the side discharge takes place be- 
-vcen the secondary electrode and that 
nnected to the positive pole of the bat- 
ry; but, at the same time, a discharge 
<ses between the two main electrodes. 
‘his phenomenon is explained by assum- 
ag that the capacity of the region outside 
he battery, the room and_ building 
‘jarges up on the influence of the poten- 
Jal between it and the poles of the battery 
‘0 a potential which is greater than that 
tween the two main electrodes which 
re connected by the small resistance of 
ihe rarefied gas. This phenomenon sug- 
vests the photometric method of compar- 
ng the capacity of large condensers, and 
also of obtaining the capacity of the im- 
mediately surrounding space. For this 
purpose the Geissler tube takes the form 
of a cross. The main electrodes are in- 
troduced at opposite ends, one of the con- 
densers to be compared being inserted 
in each side. Two auxiliary electrodes 
are connected in the two remaining arms 
of the cross. With this arrangement, two 
side discharges take place between the 
main electrodes and the auxiliary elec- 
trodes, and by bringing the light of these 
two simultaneous discharges into a suit- 
able photometric arrangement, it is pos- 
sible to compare the capacities of the con- 
densers to that degree of accuracy obtain- 
able in photometric work. By a suitable 
vacuum tube and proper exhaustion the 
method does not require a large number 
of cells. 
of lightning side discharges take place to 
the earth in the manner indicated by this 
method, the potential between the posi- 
tively and negatively charged clouds and 
the earth rising to a higher value than 


tion 


It is suggested that in the case _ 
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that between the clouds, the earth space 
beneath the clouds acting as a localized 
capacity.—A bstracted from the American 
Journal of Science (New Haven), July. 
4 

Electric Power Developments in Mexico. 

Brief descriptions are given here by 
Mr. F. O. Blackwell of several important 
electro-hydraulic developments of Mexico, 
including the most recent undertaking of 
this character—that of the Mexican Light 
and Power Company at Necaxa. The first 
water power electrically developed in 
Mexico was the falls of Juanacatalan in 
1891. The development here was about 
600 kilowatts, the voltage being 5,000. 
This plant was followed in 1895 by one 
at Regla, where an effective head of 800 
feet was obtained by building a canal 
eleven and one-half miles long. Five 
400-horse-power units were installed, and 
power transmitted at 10,000 volts. The 
next important installation was made by 
the Guanajuato Power and Electric Com- 
pany. This has been in operation since 
1903. The plant is near Zamora, where 
a head of 320 feet has been obtained by 
five miles of canal and 3,300 feet of pipe. 
There are here two pairs of 1,125-horse- 
power impulse wheels, each pair driving 
a 1,250-kilowatt, sixty-cycle, three-phase 
generator. By means of step-up trans- 
formers, power is transmitted at 60,000 
volts. The equipment of this plant is now 
being doubled by the addition of a 5,000- 
horse-power unit. The system is notable 
for its length and because it was the first 
to use steel towers in place of wooden 
poles for the transmission line. The plant 
of the Mexican Light and Power Com- 
pany at Necaxa will be one of the largest 
power plants in the world, and im addi- 
tion will deliver power over a greater 
distance that has yet been undertaken by 
any other installation. The Tenango and 
Necaxa rivers drain a portion of the cen- 
tral plateau on which the city of Mexico 
is situated, and at a point about 100 miles 
northeast of ithe city pass through the 
mountains at an elevation of 4,300 feet 
above sea level. A few miles below the 
town of Necaxa the Tenango river flows 
into the Necaxa river, which eventually 
discharges into the Gulf of Mexico sixty 
miles further east. There exists on both 
rivers a remarkable series of waterfalls 
with a total drop of about 3,000 feet in 
three miles. The rivers have a combined 
drainage area of 227 square miles, upon 
which the rainfall varies from 85 to 
135 inches a year. The run-off is variable, 
and to equalize the flow throughout the 
year the Tenango river has been diverted 
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into the Necaxa in order to utilize a 
favorable location for a storage reservoir. 
A short distance below the site for the 
reservoir there are two falls, one 300 feet 
and the other 750 feet high, which, to- 
gether with the rapids above and between 
them, give a total fall of 1,300 feet in a 
mile. The initial plant will utilize this 
head, but there is a further fall imme- 
diately below of 1,300 feet, which will be 
developed as soon as the first is com- 
pleted. The two plants will eventually 
be capable of furnishing 80,000 electrical 
horse-power. Water is carried from the 
reservoir to the power-house, first through 
a tunnel driven in the rock, and then 
through two vertical pipes. These pipes 
are formed of seamless steel tubes with 
flanges, each piece being forged complete 
from one piece of sheet steel. The head 
at the lower end is 1,430 feet. The avail- 
able head is reduced to 1,300 feet when 
the reservoir is empty and allowing for 
the loss due to friction. 
is located in the Necaxa cafion a short 
distance below the %50-foot waterfall. It 
will have a rated output of 30,000 kilo- 
watts, and a maximum output of 37,500 
kilowatts. It will contain six main driv- 
ing wheels, each capable of delivering 
8,200 horse-power. These are of the im- 
pulse type. The pitch diameter is 100 
inches, and they run at 300 revolutions 
per minute. Each drives a 5,000-kilowatt 
alternator furnished by the Siemens- 
Schuckert Company, Berlin. These are 
of the revolving-field type, three-phase, 
and generate current at fifty cycles, 4,000 
volts. By means of oil-cooled trans- 
formers the pressure will be raised to 
40,000, 50,000 or 60,000 volts for the 
transmission circuits. The designs of the 
power-house call for complete isolation 
of all high-tension apparatus. There are 
four electric power transmission circuits 
and two tower lines. The towers are of 
steel fifty feet high. The conductors are 
a half inch in diameter. The computed 
loss in transmission is eight per cent at 
full load, so that the entire power can be 
delivered over any two of the four cir- 
cuits with only sixteen per cent loss. Sub- 
stations are arranged at the cities of 
Mexico and El Oro. In Mexico there are 
twelve 1,800-kilowatt oil transformers in 
separate fireproof compartments, which 
lower the voltage to 1,500, 3,000 or 6,000 
volts. This substation adjoins the com- 
pany’s steam station, in which there are 


The power-house 


six 1,200-horse-power _ triple-expansion 
condensing engines, and where four 


1,000-horse-power Curtis turbines are now 
being erected. At the El Oro substation 
there are seven 1,800-kilowatt step-down 
transformers. The power from the plant 
will be distributed to the two cities men- 
tioned and to the mines at Tlalpujuhua. 
-—Abstracted from Cassier’s Magazine 


(New York), July, 
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INDUSTRIAL SECTION. 


ILLUSTRATED DESCRIPTIONS OF NEW AND STANDARD ELECTRICAL AND MECHANICAL APPARATUS. 


Direct-Current Engine-Type Gen- 
erators. 

An engine-type generator differs from 

a self-contained or belted-type machine 

in that its armature is carried by the 

shaft of the engine or an extension of 











is manufactured by the Westinghouse 
Electric and Manufacturing Company. 
The arrangement of brush-holder rings 
and commutator, the position of equalizer 
rings, the use of retaining wedges in the 
armature slots, the arrangement of series 





350-KILOWATT, DrrEcT-CURRENT ENGINE-TyPE GENERATOR. 


same, instead of having its own shaft. 
But one bearing is thus required in addi- 
tion to those on the engine, and the space 
occupied by such a unit is less than that 
for any other installation of equal out- 
put. 

















100-K1tLowaTT, DrirRECT-CURRENT GENERATOR, 
WITH VERTICALLY SPLIT FRAME. 


Such a line of machines embodying the 
latest improvements and designed with 
especial attention to accessibility, per- 
formance and low running temperature 


field coil connections, removable pole- 
pieces and brush-holder shifting device 
contribute to the best performance and 
the utmost simplicity in operation. 

The stationary part of these generators 
is a circular yoke of cast iron carrying 
inwardly projecting poles on which are 
placed the field windings. For capacities 
from twenty-five kilowatts up to and in- 
cluding 125 kilowatts the standard con- 
struction is a vertically split frame, while 
for larger sizes the horizontal division is 
regularly built. Machines below twenty- 
five kilowatts have solid frames. Gen- 
any size can be built with 
either the vertical or horizontal division 
if cireumstances require it.. The pole- 
pieces are built up of laminations of soft 
steel, carefully annealed by a special 
process and riveted together under press- 
ure, and held in place by bolts which 
pass through the yoke and are fastened 
by lock washers on the outside. The 
bolted-in construction allows the removal 
of any one of the field coils with its 
pole without disturbing any other part of 
the machine. Spreading pole tips serve 
the double purpose of giving an excellent 


erators of 


commutating field under the pole tips 
and of furnishing a support for the field 
coils. 

The shunt and series coils are sepa- 
rately wound, with an air space provided 
between them. The series coils are mae 
of forged copper conductors of  rev- 
tangular section and the shunt coils ; 
machine wound. These generators ar» 
usually over-compounded for an increa 

















DrREcT-CURRENT, ENGINE-TYPE GENERATOR. 


in potential of about ten per cent at the 
terminals from no load to full load, bui 
may be adjusted for lower percentage o/ 
compounding by means of a shunt to the 
series coils, or they may be designed for 
a higher percentage as may be required 
for special cases. 

The armature core consists of sheet- 

















6-K1LowaTT, DrrgEct-CURRENT, ENGINE-TYPE 
GENERATOR, ACTUAL HEtenT, 26% INCHES. 


steel stampings, built up on a spider 
which also carries the commutator. The 
armature may be drawn from the shaft 
if necessary without disturbing the com- 
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mutator or windings. Liberal provisions 
for yentilation are provided, as air spaces 
are placed at short intervals, and extra 
spaces are provided between the outer 
laminations and end-plates. The coils 
are machine formed and are perfectly 
inter’ .angeable. By placing fibre wedges 
in V-shaped grooves near the top of the 
slots. ‘he coils are held in place without 
the «se of band wires. The commutators 
a nstructed of hard-drawn copper of 
the jighest conductivity, and carefully 
ins ‘ated so that a smooth wearing sur- 
fn. is secured with an entire absence 
of parking. 
“he brush-holder mechanism is carried 
brackets mounted on a rocker ring 
entrie with and carried on a machined 
| on the front end of the field frame. 
part of the supporting ring projects 

- the commutator face, thus leaving 

brush-holders and commutator en- 
ly clear of obstructions and readily ac- 
sible at any point. Every machine is 
arranged that the rocker ring shifting 
ice may be placed on either side. The 
insmission of current through the 
-rings, and the consequent heating and 

‘riation in pressure are eliminated by 
copper shunts connected directly from a 
lamp on each brush to the solid part of 

e holder. Ample means are provided 

1 adjustment as the commutator wears, 
nd for changing the spring tension on 
la brushes. 

A very important feature in connection 
with these generators is that all brushes 
f the same polarity are maintained at 
‘he same potential. Much trouble has 
frequently been experienced in the opera- 
tion of large multipolar direct-current 
machines with parallel-wound armatures, 
owing to the difficulty of securing the 
same magnetic strength in all the poles. 
Sometimes the potential generated in the 
conductors under one pole exceeds or is 
less than that generated in conductors 
similarly situated under another pole of 
the same polarity, the result being a dif- 
ference of potential between brushes of 
similar polarity. Troubles caused by cur- 
rents flowing from one brush to another 
or from one section of the armature 
winding to another, attended by annoy- 
ing and wasteful heating of the con- 
ductors and sparking at the brushes, are 
eliminated by the following method of 
balancing. 

In the larger machines with parallel 
armature windings the points in the 
armature winding which are normally of 
equal potential are connected by leads 
through which currents may pass from 
one section to others with which it is 
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connected in parallel. These currents are 
alternating in character and lead or lag 
with reference to their respective electro- 
motive forces, and thus magnetize or de- 
magnetize the field magnets so as to pro- 
duce automatically the necessary balance 
between them. 
result from the decentralization of the 
armature in a multiple winding, but are 
avoided by the system of balancing. 

With the balanced magnetic circuits 
any heavy magnetic pull on one side of 
the armature due to wear of the bearings 
is prevented. The pull which may be 
exerted by one side of the field on a 
large armature, even if out of centre by 
a small fraction of an inch, may become 
as high as several tons if this method of 
balancing is not used. Such an increased 
pull on the armature would result in the 
heating and rapid wearing of the bear- 
ings. By the above method of balancing 
the induction under all poles is main- 
tained practically the same, causing the 
magnetic pull to be equal at all poles and 
preventing an unbalanced pull. This 
method of automatically balancing the 
magnetic circuits of parallel-wound direct- 
current machines is fully covered by 
patents owned by the Westinghouse com- 
pany. 


The same troubles would 





The “New York”? Wire Connector. 
The Yonkers Specialty Company, 


Yonkers, N. Y., has placed on the market 
a new form of wire connector for making 
electrical connections of telephone_ wires. 
This may be used for party-line connec- 
tions, bridle wire connections, and for 
trunk-line wire-test connections. The 
“New York” connector consists of a brass 
stud with a slotted and internally threaded 
shank. The main wire is laid in the slot 
of the brass nut, and held securely in 
place by a specially formed washer. The 





‘““New York” WIRE CONNECTOR. 


other wire is then placed in the slot and 
held firmly in place by another washer and 
a locknut screwed in place, holding the 
wires firmly. This construction makes it 
possible to easily disconnect the wires for 
testing by loosening the screw. On ac- 
count of their small sizes these connectors 
can be readily taped if desired. They are 
made in two sizes. No. 1 is designed to 
connect branch wires of any gauge to 
main-line wires No. 10 to No. 13 B. & S. 
gauge. Connector No. 2 connects No. 14 
B. & S. gauge and smaller wires to branch 
wires of any gauge. ‘The illustration 
herewith shows the No. 1 connector, exact 
size. v4 
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A New Type of Electric Controller. 

The accompanying illustration shows 
the new form of automatic reversible elec- 
tric controller made by the Harvard Elec- 
tric Company, Chicago, Ill. The feature 
claimed for this controller is that it auto- 
matically starts the motor slowly with 
heavy loads, and more quickly with lighter 
loads. With very heavy loads the con- 
troller automatically recuts in the resist- 
ance and gives the motor two or more 
starts until it is able to get up its speed. 
If the load is beyond the limit of the 
overload device, the controller prevents 
the motor from starting at all. In case 
of overload or no current or voltage on 





New Type or ELEctrRIc CONTROLLER. 


the line, the controller automatically re- 
turns to its starting position. The cir- 
cuit is always opened on the carbon con- 
tacts, and the resistance is cut in on the 
motor circuit, reducing the voltage to 
about one-half. The cam on the reversing 
switch always ensures the opening of the 
circuit on the starter carbon contacts, and 
also ensures the opening of the circuit 
before the switch can be reversed. 

All working parts are mounted on the 
face, but are supported from the large 
cast-iron resistance box. The mechanism 
is simple, positive and durable. 


———— ope —-— 


“Mountain and Lake Resorts” is the 
title of a beautifully illustrated publica- 
tion of 128 pages recently issued by the 
Lackawanna Railroad. The book con- 
tains a list of more than 400 hotels and 
boarding-houses among the various mount- 
ain and lake resorts reached by the Lacka- 
wanna road. The book suggests where to 
go, how to go, what it will cost, and what 
can be seen at the different places. It 
will be sent on receipt of ten cents in 
stamps, addressed to T. W. Lee, general 
passenger agent, New York city. 
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AUTOMATIC REFRIGERATION WITH 
ELECTRIC POWER. 


BY J. C. CHAMBERLAIN. 


Mechanical refrigeration, from com- 
paratively small independent plants, is 
open to three fields for its application. 

1—For ordinary commercial purposes 
instead of ice in the preservation of food 
products. In such cases its adoption de- 
pens almost entirely upon the economy 
or saving in cost of its operation com- 
pared to the cost of ice. 

2—For all other cold-storage purposes 
requiring a lower degree of refrigeration 
than possible with ice. In these cases its 
cost may be an important factor, though 
not subject to direct comparison with the 
cost of ice. 

3—For domestic or household uses in- 
stead of ice. In such service its economy 
is not as important as are its -manifest 
advantages; viz., cleanliness, convenience, 
and freedom from annoyances incidental 
to the use and handling of ice. 

All the advantages of mechanical re- 
frigeration have long been recognized, but 
the commercial use of the smaller sizes 
of plants has been limited because each 
mechanical plant has required the serv- 
ices of a skilled attendant or engineer— 
to stop and start the machinery, and to 
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adjust the hand valves regulating the feed 
of ammonia to the expansion coils, and of 
cooling water to the compressor and con- 
denser. The expense of this skilled at- 
tention has practically prohibited the use 
of plants of less than five tons refrig- 
erating capacity, except in cases where 
local conditions or other duties required 
an engineer on the premises. 

This apparent restriction has led to the 
gradual development of automatic meth- 
ods of control and regulation, for produc- 
ing refrigeration as it may be needed, in 
the same way that an electric motor pump 
is now so generally used to keep a tank 
full by replacing the water used from 
time to time. 

Such automatic regulation eliminates 
the cost of constant attention or over- 
sight; saves power by producing refrigera- 
tion only when necessary; saves water 
required for cooling the condenser and 
compressor cylinders; increases efficiency 
-—machine always at full load when run- 
ning; allows use of smaller plant for day 
and night duty, without attention; main- 
tains uniform refrigerating temperature ; 
secures greater accuracy of regulation 
than by manual attention and therefore 
ensures the economical use and widens 
the field for mechanical refrigeration with 
smal] plants. 
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ANNUAL SAVING IN COST OF OPERATION 
COMPARED WITH THE COST OF ICE. 

The economy of refrigeration by means 
of .electric power instead of ice is shown 
by the accompanying table (Fig. 1) ; and 
the table also indicates the importance of 
moderate rates for power on the intro- 
duction of refrigerating plants, especia!|y 
of the smaller sizes. 

The first part of the table shows tiie 
annual saving in cost of operating auio- 
matically regulated plants compared 
the cost of ice with electric power at dii- 
ferent rates per kilowatt-hour and ice 
costing three dollars per ton. It gives t)» 
number of years in which the annv.! 
saving will cover the total cost of ea: |; 
size of plant, including all the ¢-- 
pensive automatic apparatus. The amou| 
and cost of power is based on produci 
the same refrigerating temperature 
forty-five degrees that is possible with ; 

Any improved or more expensive ty « 
of machinery for manufacturing esta 
lishments is expected to pay for itself 
three years, either by the saving in c 
of its product or by the increased qua: 
tity produced. Mechanical refrigeratio. 
however, has so many practical advantag: 
over the use of ice that the period durin 
which a refrigerating plant should be pai: 
for by the annual saving in cost of opera 
tion may be extended to four or even fiv: 
years and still be considered a sound an 
justifiable investment. 

IMPORTANCE OF MODERATE POWER RATES. 


Assuming ice to cost three dollars pe: 
ton this table shows: (1) that moderate 
rates for power will tend to promote 
general adoption of mechanical refrig- 
eration and justify the investment because 
of the annual saving over the cost of ice. 
(2) That the higher rates for power wil! 
limit the use of small plants for ordinary 
commercial purposes, except where there 
is a necessity for a lower degree of refrig- 
eration than obtainable by ice. 

From the table it is also apparent that 
mechanical refrigeration, even at moderate 
rates for power, can not be employed with 
any great economy where the consumption 
of ice does not amount to at least forty 
dollars per month, or about five hundred 
dollars per year. However, where the 
annual consumption of ice is greater, the 
actual economy from a refrigerating plant 
increases rapidly; for example, when the 
ice consumed (at three dollars a ton) 
amounts to about $1,600 per year, the 
cost of a complete automatic plant will be 
paid. for in two years with electric power 
at three cents per kilowatt-hour; or in 
about three years with electric power at a 
four-cent rate. In the warmer or tropical 
climates the economy or saving in cost of 
plant operation is greater, for ice is very 
expensive—from seven dollars to twelve 
dollars per ton in the inland cities. 

In determining the actual saving with 
electric power it is fair to assume that 
the purchaser will consider the interest 
on the investment and the depreciation, 
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or wear and tear, as entirely offset: (1)— 
By the fact that he can secure a low de- 
gree of refrigeration impossible with ice. 
(2)—By the manifest advantages of a 
uniform and dry refrigeration because of 
its greater preserving quality. (3)—By 
the cleanliness, convenience and by the 
freatom from annoyances incidental to the 
handling and storing of ice. 

{he other part of the table presents 
this data in the s.me form, except that it 
is applied to the cost of non-automatic 
r/riverating plants, i. e., without the ex- 
pensive automatic apparatus. In such 
¢; es a machine must produce the maxi- 
wun daily required refrigeration in at 
lsest twelve hours because of its being 
 .trieted to day-time operation under 

direction of an attendant or engineer, 

it should therefore be practically 
ce the size of an automatic plant with 
possible twenty-four hours daily opera- 

1 in the hottest weather. 

‘hese figures show with equal clear- 

s that the higher rates for electric 

wer will limit the commercial use of 

» smaller non-automatic plants; and, be- 

ise of the different productive capacity 

‘such plants, the table shows that the 

nual saving is less than if the same 
siant were operated automatically in pro- 

icing a greater amount of refrigeration 
‘uring a twenty-four-hour day. 

A non-automatic plant (without the ex- 
nensive automatic apparatus) will, how- 
ver, often be preferred because of its 
lower cost, especially when the automatic 
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doubled at any time by applying the auto- 
matic system of control, and with no 
greater investment than the purchase 
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the exact reverse of a lighting load, not 
only during the months of the year, but 
during the hours of each day (Fig. 2). 


Fie. 4.—ELeEcTRICALLY DRIVEN THREE-HokSE-POWER AUTOMATIC PLANT, PRODUCING 
REFRIGERATION IN TWENTY-FOUR Hours, EQUIVALENT TO 2,800 PouNDs oF IcE. 


price of ithe automatic features. In 
other words, the efficiency or producing 
power of any fixed investment for re- 
frigeration can not only be more effective 
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Fig. 3.—CHARACTERISTIC CURVES OF REFRIGERATING LOADS, COMPARED TO MEAN 
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control and regulation does not seem nec- 
essary owing to other local conditions 
which necessitate the employment of an 
engineer on the same premises. 

It is to be borne in mind that if a 
non-automatic plant be used to produce 
the necessary refrigeration during a run 
of twelve hours or less, then the possible 
duty of such a plant may be practically 
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but will be largely increased by automatic 
methods of control and regulation, thereby 
making possible the operation of the plant 
whenever refrigeration is needed. 


ADVANTAGES OF A REFRIGERATING POWER 
LOAD TO ELECTRIC LIGHT AND 
POWER STATIONS. 


(1)—A refrigerating load demand is 


(2)—It is a summer load and very 
desirable because the lighting require- 
ments are then comparatively small. 

(3)—lIt is a long load in the summer 
months when the operation of automatic 
refrigerating plants will average sixteen 
to twenty hours each day. The duration 
of daily load will of course follow the 
weather conditions from the summer to 
the winter months. 

(4)—It is a day load at any time of 
year, being continuous during the day- 
time when tthe cooled supplies in refrig- 
erating boxes are being removed and re- 
placed by new supplies to be cooled. 

For these reasons many electric light 
companies furnish current for refrigerat- 
ing plants at a reduction from their or- 
dinary lighting or power rates; usually at 
a rate of about three cents per kilowatt- 
hour; but in the larger cities with electric 
service from underground wires, the 
charge will vary up to five cents per kilo- 
watt-hour. 

Fig. 3 shows characteristic curves of 
refrigerating loads compared to mean- 
temperature curves. The lower curve 
shows the variation of load in markets 
and shops for food products, etc., where 
the refrigerators are partly exposed to 
weather conditions: the minimum load 
being about thirty per cent of maximum, 
and the total yearly amount of work equal 
to about seven times that required for the 
hottest month. The upper curve shows 
the variation of load in hotels, restaurants, 
cafés, etc., where the refrigerators are 
usually indoors, the minimum monthly 
load being about sixty-five per cent of 
maximum, and the total yearly amount of 
work equal to about nine times that re- 
quired for the hottest month. 
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CURRENT ELECTRICAL NEWS 








DOMESTIC AND EXPORT. 


MORTGAGE OF THE GENERAL TRANSMISSION COMPANY— 
The General Transmission Company, of Buffalo, N. Y., has filed a 
mortgage for $15,000,000 in favor of the Buffalo Loan, Trust and Safe 
Deposit Company. The object is to allow the Transmission Company 
to issue 15,000 $1,000 gold forty-year bonds. The company operates 
an electric system in Buffalo. 


NEW TELEPHONE COMPANY FOR PORTLAND, ORE.—The 
Home Telephone and Telegraph Company has been incorporated 
with a capital of $3,000,000, to construct a telephone system in 
Portland, Ore. The incorporators are Charles E. Sumner, A. King 
Wilson and Albert Andrews. It is understood that the work of con- 
struction will commence at once, and that the company will have 
its plant in working order within eight months. 


COLUMBUS (OHIO) MUNICIPAL PLANT IN FULL OPERA- 
TION—The municipal lighting plant of Columbus, Ohio, has recently 
been placed in full operation. In all twenty-six circuits are giv- 
ing service throughout the city. There are 1,860 lights now burning, 
and as soon as the municipal light plant investigating committee 
reaches a decision new lights will be added. At the present time 
some of the wiring of the Columbus Railway and Light Company is 
being pressed into service for a portion of the street lighting. 


SOUTHERN NEW ENGLAND TELEPHONE COMPANY IN- 
CREASES CAPITAL—The Connecticut senate has passed without 
debate the bill authorizing the Southern New England Telephone 
Company to increase the amount of its capital stock from $5,000,000 
to $10,000,000. The value of the company’s outstanding stock is 
now $4,500,000, but an additional $500,000 will be issued imme- 
diately. It is the company’s plan to make additional issues in blocks 
of $500,000 from time to time as the needs of the corporation may 
require. 


ELECTRIC STREET RAILWAY IN PANAMA—The government 
of Panama will build an electric street railroad system in Panama. 
The line will begin at the Plaza de Armas, traverse a number of 
streets, and extend to the new depot of the Panama Railroad Com- 
pany, the public market and the cemeteries. Most of the material 
used will be purchased in the United States. The franchise will 
be for forty years, and the government will receive two and one- 
half per cent of the gross annual receipts after the line has been in 
operation three years and five per cent five years therafter. 


INCREASE IN CAPITAL STOCK OF THE BELL TELEPHONE 
COMPANY, OF PHILADELPHIA—The directors of the Bell Tele- 
phone Company, of Philadelphia, Pa., have voted to increase the 
capital stock $2,000,000. This stock is to be. issued to the share- 
holders at par. The stockholders will have the right to subscribe 
for one share for every seven shares now held. Subscription opened 
on July 5, and the right to subscribe expires on August 1. The 
outstanding capital stock at the close of 1904 was $13,999,983. This 
is owned by the American Telephone and Telegraph Company. 


NEW POWER PLANT FOR YORK, PA.—Plans are under way 
for the building of a power plant and dam at McCall’s Ferry, in the 
lower end of York County, Pa. The dam is to be thirty-two feet 
high, and will hold the river back a distance of six miles, almost 
to Shenk’s Ferry. The dam will be so constructed that a number 
of islands can be used as a foundation for the breastwork. The 
wing walls of the dam will be built from the York County side at 
an angle across to the islands near-by, and then will head for a 
point near Cully’s Falls, on the Lancaster County side of the Susque- 
hanna river. 


POWER PLANT IN TENNESSEE—The Knoxville Power Com- 
pany, it is understood, has definitely decided to erect, at a cost of 
$2,600,000, a power plant on the Little Tennessee river, twenty-eight 
miles from Maryville, Tenn. The building of the plant will depend 
largely upon the construction of the Maryville-Bushnell line of the 
Southern Railway, as the road will be necessary to transport sup- 
plies to the point at which the plant will be constructed. The Knox- 





ville Power Company will construct a tunnel to the power plant in a 
bend of the Little Tennessee river. The tunnel will be more than a 
mile in length, and will be erected in order to concentrate the 
power of the river at the point where the dam will be constructed. 


SURVEYS FOR ALABAMA POWER PLANT—Preliminary sur- 
veys for the construction of an 18,000-horse-power hydroelectric 
equipment are now being made. The water power of the Little 
river, near Blanche, Ala., will be utilized. The plant will be con- 
structed at a cost of about $1,000,000, by H. T. and S. Henderson, 
capitalists, of Durango, Col. A reservoir, having a capacity of over 
a billion gallons, will be constructed. From this reservoir two stec! 
penstocks, six feet in diameter, will convey the water to turbine 
wheels which will operate six generators. Power will be trans- 
mitted to industrial plants at Gadsden, Alabama City, Attalla and 
Anniston, Ala., and Rome, Ga. It is expected that several cottoa 
and bleaching mills will be located at Blanche, Ala. 


ELECTRICAL NOTES FROM MEXICO—A concession has been 
granted to Manuel Gonzales to utilize 2,000 litres of water per secon’ 
from the Abra de Caballeros in the Valles district, state of San 
Luis Potosi. The maximum limit of time to begin work is two years, 
the system to be completed in seven years. The concessionaire 
guarantees due compliance with the obligations incurred by deposit 
in the National Bank of $4,000 in bonds of the three per cent con- 
solidated silver debt. The capital city of the Mexican territory 
of Tepic is to have a hydroelectric lighting and power plant of 700 
horse-power. The current will be used to light the city and run 
the Aguirre cotton factory located near-by. The work is to be 
done by the General Electric Company, and will cost $74,000. 


LARGE LOAN FOR WESTERN UNITED GAS AND ELECTRIC 
COMPANY—The American Trust and Savings Bank, Chicago, IIl., 
as trustee, successor of the Federal Trust and Savings Bank, has 
made a loan of $5,000,000 to the Western United Gas and Electric 
Company, of Aurora, Ill., the latter giving a first mortgage and 
refunding five per cent bonds, payable February 1, 1950. The gas 
company has full power to borrow money for the purpose of fund- 
ing and paying outstanding indebtedness and existing obligations, 
and also for purchasing new equipment for enlargements, im- 
provements, repairs and making extensions and betterments to its 
various gasworks and plants in Kane, Will Dupage and Cook 
counties. Seventy-three thousand dollars in bonds are to be certi- 
fied and issued at once. 


TRACTION COMPANY FORECLOSURE—As an outcome of fore- 
closure proceedings instituted against the New Hampshire Traction 
Company, which operates eleven street railways in New Hampshire 
and Massachusetts, and two land companies, Arthur H. Masten, 
special master, has been instructed to sell by auction the stocks, 
bonds and notes of the subsidiary companies, having a total par 
or face value of more than $6,000,000. Of the amount $3,394,900 
is in stocks, $2,000,000 in notes, and $720,320 in bonds. The New 
York Trust Company is complainant in the foreclosure proceed- 
ings. The proposed sale is understood to be part of a plan of 
reorganization. The companies concerned are: Exeter, Hampton 
& Amesbury; Amesbury & Hampton; Haverhill, Plaistow & Newton; 
Seabrook & Hampton Beach; Dover, Somersworth & Rochester; 
Portsmouth & Exeter; Hudson, Pelham & Salem; Lawrence & 
Methuen; Haverhill & Southern New Hampshire, and the Lowell 
& Pelham street railway companies; the Rockingham Light and 
Power Company, the Granite State Land Company and the Canobie 
Lake Company. 


EDUCATIONAL. 


THROOP POLYTECHNIC INSTITUTE—The Throop Polytech- 
nic Institute, Pasadena, Cal., has secured an attractive building, 
nicely located, for use as a students’ home, where twenty-five young 
men can be accommodated with rooms and board. This home will 
add greatly to the comfort and pleasure of the students at the 
institute. 
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PERSONAL MENTION. 
MR. W. N. SPERRY, who has been in charge of the Waterbury 
office of the Southern New England Telephone Company, has been 
succeeded by Mr. Johnston D. Veitch, of New Haven, Ct. 


MR. ALONZO BURT, president of the Wisconsin Telephone Com- 
pany, is preparing a series of lectures on the telephone, which he 
is nrranging to deliver in different cities in the state where the 
Wisconsin Telephone Company has exchanges. Mr. Burt’s object 
is to popularize the telephone, and incidentally to tell the public 
how to get the greatest benefits from the service. 


R. H. W. RITTERHOFF has resigned as contracting agent 
‘oy the Bell Telephone Company at Kansas City, Mo., to accept the 
sition of superintendent of the contract department of the Home 
‘Yojephone Company. He took charge of the new office on July 1. 
“ir, Ritterhoff has been connected with the Bell Telephone Company 
‘or twenty-three years, and is one of the best-known telephone men 
. Kansas City. 


PROFESSOR CHARLES P. MATTHEWS has been piaced at the 
cad of the School of Engineering at Purdue University, Lafayette, 
‘nd., with the title of professor of electrical engineering and director 
f the electrical laboratory. Professor Matthews succeeds Professor 
\V. E. Goldsborough, who has become connected with the general 
nanagement of J. G. White & Company. Professor Matthews is now 
enjoying a protracted vacation in the Michigan woods. 


MR. LOUIS HOLLWEG, formerly vice-president of the Indian- 
.polis Telephone Company, has been elected president, and Mr. 
i. B. Sale, formerly secretary-treasurer of the company, has been 
elected vice-president and general manager. These changes were 
made necessary by the death of the Hon. S. P. Sheerin, late presi- 
dent of the company. Mr. Hollweg, who was vice-president of the 
New Long-Distance Company, was also elected president of that 
company. Mr. A. F. Ramsey remains vice-president of the com- 
pany; Mr. H. B. Sale, secretary, being elected general manager. 


MR. J. P. COGHLIN, chairman of the executive committee of the 
International Electrical Exposition, Boston, July 15-22, was born in 
Milford, Ct., October 5, 1869. He graduated from Worcester Poiy- 
technic Institute in 1893, with the degree of B. S. and received the 
advanced degree of E. E. in 1905. On graduating he formed a part- 
nership and started the Columbia Electrical Company, of Worcester, 
Mass., and in 1897 sold out his interest in the company and bought 
the Page Electric Company, of which company he is now the treas- 
urer. He is third vice-president of the National Electrical Con- 
tractors’ Association; first vice-president of the Massachusetts Elec- 
trical Contractors’ Association; president of the Worcester Auto- 
mobile Club; president of the Worcester Alumni Association of 
Worcester Polytechnic Institute, and a member of the Common- 
wealth Club, Worcester; the American Institute of Electrical Engi- 
neers, and the American Society of Mechanical Engineers. Mr. 
Coghlin has had a prominent part in the electrical engineering of 
a number of important propositions, including the entire equipment 
of the Worcester & Southbridge Street Railway, the electrical equip- 
ment of the Natural Food plant at Niagara Falls, the 1,000-kilowatt 
transmission plant for the H. J. Whittal Company, Worcester, and 
also a 1,200-kilowatt plant for the Saco & Pettee Machine Works, 
of Biddeford, Me. 





OBITUARY NOTICES. 


MR. WILLIAM W. McKEE, one of the owners of the Lehigh 
Car Wheel and Axle Works, Fullerton, Pa., died at Catasauqua 
Lake on June 28. .He was receiver of the Lehigh & Northampton 
Gas and Electric Company. “5 


b 
MR. THOMAS J. CAVANAGH died on Wednesday, June 28, 
at his home in Brooklyn, N. Y. Mr. Cavanagh was born in 1864, 
and had for many years been an inspector in the employ of the 
New York & New Jersey Telephone Company. 


MR. JAMES T. WAFER, for twenty years the chief operator 
of the telegraphs of the fire department, Brooklyn, N. Y., died at 
Phillipsport, Sullivan County, N. Y., on June 28. Mr. Wafer was 
born’ September 15, 1857, in the sixth ward of Brooklyn, and in 
1870 went*to Manhattan as a messenger boy in the Oil Exchange 
at 23 William street. He occupied various positions until he 
became an operator for the Western Union Telegraph Company 
under Mr. Kirchner. During the great telegraph strike he was 
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employed by the American Rapid Telegraph Company, of 25 Broad 
street, where he remained until 1885. He was a reporter on the 
floor of the Stock Exchange, of New York city, under R. J. Hutchison, 
until 1888, when he was a successful competitor for the position 
of inspector of fire department telegraphs, to which position he was 
appointed by Fire Commissioner Ennis. 


ELECTRICAL SECURITIES. 


Despite the two days’ flurry in the cotton market, prices have 
continued firm, and in many cases have made substantial advances 
since last week. In an authoritative review of the stock market 
conditions one writer points out many instances which parallel very 
closely the sentiments which were extant just prior to the specula- 
tive fever in 1878 and in 1900. While the public as an investor has 
learned a good many lessons, and of late has been credited with 
a great deal of hard common sense in dealing with speculative 
opportunities, this authority considers that a speculative fever in 
the not far distant future is quite possible. The strict conservatism 
which has dominated almost every deal for about a year has led to 
the building up of quite extensive margins, so that a little extra con- 
fidence seems all that is necessary to promote heavy buying. At 
the same time a fortunate coincidence appears from the fact that 
whatever buying is done at this time must start from a rather high 
level, so that this may be an effectual check upon sending values 
too far beyond what the securities are normally worth. 


ELECTRICAL SECURITIES FOR THE WEEK ENDING JULY 8. 


New York: Closing. 
Brookivén Hanid Tramasits . <<... ccs cccccccs 715 
Op CRN a ind dei deancctwesecdexe 189 
CLOT TEC a 55s eiocacacicecsaicneeees 177% 
Interborough Rapid Transit................ 20015 
Wines Comaty Bisetrie ss. o.5 ccs occa sccccwee 200 
Manhattan WIGVAleds < « «66 cccciccicecuccceses 165 
Metropolitan Street Railway................ 128% 
New York & New Jersey Telephone........ 165 
Westinghouse Manufacturing Company...... 190 

Boston: Closing. 
American Telephone and Telegraph......... 137% 
Edison Electric Illuminating............... 245 


Masesehusctte  Miectries. ........c scsi ccccucee 63 
New England Telephone..................- 139 
Western Telephone and Telegraph preferred 100 


Philadelphia: Closing. 
Electric Company of America............. 11% 
Electric Storage Battery common........... 823% 
Electric Storage Battery preferred.......... 82% 
PIMIAODIN Ty ICON a se onc ods cae ae acicwiseeens 8% 


Philadelphia Rapid Transit................. 28% 
United Gas Improvement................000- 


It is estimated that for the fiscal year ended June 30 the Phila- 
delphia Rapid Transit Company carried 400,000,000 passengers, and 
that its total receipts amounted to at least $16,200,000. After 
paying interests and dividends on the $100,000,000 or more of under- 
lying bonds and stock the company shows a surplus of about $237,000. 
The earnings of the company for July 4 show an increase over the 
same day in 1904 of $3,000. 

The directors of the Electric Company of America have de- 
clared the regular semi-annual dividend of 3% per cent, payable 
July 31 to stockholders of record July 20. Books close July 20 and 
reopen August 1. 


Chicago: Closing. 
CHIC TROIGIIONG a ogo cic Stee ecccedccccncies 133 
He PS A, | 2 ee a 159% 
Metropolitan Elevated preferred............ 6514 
National Carbon common...............ee- 64% 
National Carbon preferred............cccee 119 
Union Traction COMMON. <<. co.cc ccceccccscs 7% 


Union Traction preferred)... ....cceccecccce 37 


For June the Chicago Telephone Company shows a gain of 2,212 
instruments, making the total in use at the present time 130,316. 

Oak Park Elevated for the fiscal year ended June 30 carried a 
total of 16,405,038 passengers, an increase of 295,832. The daily 
average was 44,945, an increase of 931. Gross earnings were 
$820,252, an increase of $14,792. 
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NEW INCORPORATIONS. 
RALEIGH, N. C.—The Sharon Telephone Company. $3,000. 


TOPEKA, KAN.—Bloomington Mutual 
Osborne. $3,000. 


CHARLESTON, S. C.—Crystal Lake Improvement and Traction 
Company. $150,000. 


ALBANY, N. Y.—Cobleskill Telephone Company. Increased 
from $6,000 to $15,000. . 


COLUMBUS, OHIO—Steubenville & Wheeling Traction Company, 
Cleveland. Increased from $450,000 to $600,000. 


WILSON, N. C.—The Carolina Light and Power Company. 


Telephone Company, 


$100,000. Incorporators: M. S. Williams, S. A. Woodard. 
INDIANAPOLIS, IND.—North Central Railway Company. 
$500,000. Incorporators: C. H. Jones, E. L. Gower, John A. Conkey. 


DES MOINES, 
Company, Oskaloosa. 
others. 


LOS ANGELES, CAL.—California Trolley Company. $250,000. 
Directors: E. D. McDonald, M. S. Jenks, L. D. Clark, all of Los 
Angeles. 


ALBANY, N. Y.—The Patrons’ Telephone Company, Fulton, 
Oswego County. $25,000. Directors: G. D. Adams, L. D. Beardsley, 
O. B. Kellogg, Fulton. 


BELLEVUE, OHIO—Mutual Light and Power Company, Belle- 
vue. $50,000. Incorporators: B. F. Bell, C. W. Bell, Peter Brady, 
W. H. Bell, E. C. Crocken. 


JERSEY CITY, N. J.—The Coast Line Telephone Company, 
Jersey City. $1,000,000. Incorporators: D. A. Reynolds, Eugene 
H. Brock, Edward P. Clark. 


ALBANY, N. Y.—New Kingston Telephone Company, New Kings- 
ton, Delaware County. $500. Directors: E. D. O’Connor, Henry 
Ruff, W. T. Faulkner, New Kingston. 


COLUMBUS, OHIO—Dayton & Framington Railway Company. 
$25,000. Incorporators: M. P. Miswonger, Jacob W. Bovey, Frank- 
lin M. Stutsman, Birch Rohrer, C. J. Geyer. 


DENVER, COL.—Colorado Light and Power Company. $200,000. 
Incorporators: A. W. Mellon, R. B. Mellon, George S. Davison, 
William I. Wallace, A. A. Pope, Canon City. 


GUTHRIE, OKLA.—Oklahoma Farmers’ Telephone Company. 
$10,000. Stockholders: H. M. Ferguson, Guthrie; E. P. Wilkerson, 
W. M. Hatfield and A. G. Childers, of Mulhall. 


OKLAHOMA CITY, OKLA.—Lone Wolf Telephone Company. 
$2,500. Incorporators: R. A. Wooldridge and John H. Wright, of 
Oklahoma City, and E. J. Luce, of Fort Cobb. 


CHURCHVILLE, N. Y.—Churchville Heat, Light and Power 
Company. $5,000. Officers: William L. Ormrod, president; Hiram 
C. Davis, secretary, and F. W. Potter, treasurer. 


RICHMOND, VA.—The North Frederick Telephone Company, 
Lew, Frederick County, Va. $1,000. S. E. Brown, president; L. 
Jackson, vice-president, secretary and treasurer, both of Lew, Va. 

JEFFERSON CITY, MO.—Missouri Valley Electric Railway 
Company, of Kansas City. $650,000. Incorporators: George B. 
Blanchard, of New York; Chas. P. Breen, George B. Fuggle, S. 
Fackler Wilson and H. B. McAfee. 

GUTHRIE, OKLA.—Canadian Valley Electric and Refrigerator 
Company, of Oklahoma City, Holdenville, I. T., and Welletka, I. T. 
$100,000. Incorporators: Charles De Wattville, of Holdenville; 
M. D. Owen, of Chandler, and C. Potter Johnson, of Oklahoma City. 

GUTHRIE, OKLA.—Vinita & Western Railroad Company. 
$10,000. Stockholders: J. S. Mabon, Guthrie; F. R. Pierce, St. 
Louis; C. C. Nelson, Ft. Scott, Kan.; Geo. F. Bodgett, Tonapah, 
Nev.; Adolph Schoenherr, El Reno; M. D. Libby, El Reno, and L. F. 
Parker, Jr., Vinita. 

SALT LAKE CITY, UTAH—The Summit Electric Company, of 
Park City, Summit County, to construct and operate an electric 
light and power plant at Park City. $100,000. Incorporators: 
Henry Shields, of Park City; E. J. Raddatz, C. O. Ellingwood, W. 
F. Snyder and Gideon Snyder, of Salt Lake City. 


IOWA—Oskaloosa & Buxton Electric Railway 
$50,000. Incorporators: H. L. Spencer and 
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ELECTRIC LIGHTING. 

ASHEVILLE, N. C.—The Hickory Electric Company amends its 
charter, extending the latter thirty years and increasing its capital 
stock to $24,000. 

NORRISTOWN, PA.—The Lansdale council has awarded the 
contracts for rebuilding the town’s electric light plant, for which 
a loan of $20,000 was voted at the last election. 

YORK, PA.—The New York capitalists who contemplate building 
a power plant and a dam at McCall’s Ferry, along the Susquehanna 
river, have engaged William Barclay Parsons to prepare the plans 
for the power plant and dam. 

SCOTTSBLUFF, NEB.—Charles Johnson, of Iron Mountain. 
Mont., says he will put in an electric light plant either at Scotts. 
bluff or in Gering if he can secure sufficient business. Gering and 
Scottsbluff are little towns of less than 1,000 inhabitants. 

COLUMBUS, OHIO—The Crawford Gas and Electric Company, 
of Galion, has changed ‘its name to the Crawford County Gas ani! 
Electric Company, and made its stock $150,000 common and $50,000 
six per cent preferred. R. O. Morgan is secretary and Selwyn N. 
Blakey president. 

BOSTON, MASS.—The Ware Electric Light Company, which ha: 
the contract for lighting the streets of Hardwick and Gilbertville, 
has secured the right to string its wires on the Hampshire & Wor. 
cester Street Railway Company’s poles between Ware and Gilberi 
ville from Receiver George S. Taft. 

SEA CLIFF, L. I.—Power has been turned on at the Nassa 
Light and Power Company’s new plant at Glenwood. The plant 
which provides light for a large area, is the largest and most com- 
plete on Long Island outside of Brooklyn. It occupies ten acres 
of ground on the shore of the harbor. 

BALTIMORE, MD.—The Baltimore Electric Power Company, 
which some six months ago contracted with the Westinghouse 
Machine Company, of Pittsburg, for several steam turbines, has 
added another order to the same company for a 3,000-horse-power 
steam turbine, to be delivered as soon as possible. 

ST. CATHARINES, ON'T'—The Lincoln Light and Power Com- 
pany is now controlled by the Hamilton Cataract Power, Light and 
‘Traction Company, from which the Lincoln company has for some 
time purchased power and resold it to consumers. The Hamilton 
corporation, it is understood, will spend $100,000 developing power 
for use in St. Catharines. 

COLUMBUS, OHIO—The Citizens’ electric light and power plant 
of Newark has been purchased by a syndicate headed by Congress- 
man B. G. Dawes, of Marietta, and M. G. Gillette, of Newark. The 
deal is said to have involved an amount in the neighborhood of 
$175,000. A company will be incorporated under the name of the 
Licking County Light and Power Company to take over the property. 


POTTSVILLE, PA.—At an election held by the stockholders of 
the Anthracite Electric Light and Power Company H. S. Thompson, 
Jacob Ulmer, J. Archbald, Jr., of Pottsville, and H. S. Albright, of 
Orwigsburg, and F. P. Spiese, of Tamaqua, were elected directors. 
These gentlemen and S. H. Kaercher, Guy E. Farquhar, Andrew 
Robertson and John M. Briscoe were chosen directors of the Edison 
Electric Light Company. 

SCRANTON, PA.—At the annual meeting of the stockholders 
of the Economy Light, Heat and Power Company, the following 
directors were reelected: L. A. Watres, Robert Reaves, C. D. Jones, 
A. B. Stevens, P. J. Horan, W. F. Hallstead, John T. Porter, Robert 
C. Adams and W. J. Northrup. The following are the officers: 
president, L. A. Watres; vice-president, Robert Reaves; treasurer, 
John T. Porter; secretary and manager, W. J. Northrup. 


TILTON, N. H.—The Tilton Electric Company has closed con- 
tracts with electrical construction companies for extensive altera- 
tions and additions to its plant. It is about to install one 200- 
kilowatt dynamo, to be used in place of the two 100-kilowatt 
dynamos now in use. The new dynamo is of 350-horse-power 
capacity, and of the revolving field type. The company will retain 
one of the present kilowatt dynamos at its plant to be used in case 
of accident and emergencies. The other generator of the same 
capacity will be installed at the No. 2 Tilton mill, and the power 
at that dam will be used in conjunction with the plant at the lower 
dam. In connection with the above a five-panel marble switchboard 
will be installed at the electric plant. 
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TELEPHONE AND TELEGRAPH. 
SPRINGFIELD, MASS.—The New England Telephone Company 
is putting up new wires through East Charlemont. 


HOUGHTON, MICH.—The Ontonagon County Telephone Com- 
pany is rebuilding its line from Rockland to Ontonagon. 


fy ALLAS, TEXAS—The Texas Consolidated Long-Distance Tele- 
phone has accepted the franchise offered it by the city of Dallas 
and has put up a certified check for $5,000 as a guarantee. 


CLEVELAND, OHIO—The announcement is made that a deal 
has been completed by which $525,000 of the United States Tele- 
phone Company’s five per cent bonds have been sold for cash to 
James F. Bradley, at the head of a Toledo syndicate. 


NEWTON, N. C.—The Piedmont Telephone and Telegraph Com- 
pany, owner of the local exchange and a number of toll lines, is 
making preparations to rebuild all its toll lines. Copper wire and 
‘yniper posts will be used, and 100 miles of lines will be rebuilt at 


ence, 


PHILADELPHIA, PA.—The Bell Telephone Company, of Phila- 
!|phia, including the Delaware and Atlantic controlled companies, 
is 97,000 stations installed as of present date. This is the banner 
ear of the company, the net gain having been 13,083, from January 
‘ to June 1. 


SLEEPY EYE, MINN.—The Sleepy Eye Telephone Company, 
recently organized with a capital of $25,000, has begun active work 
n extending lines throughout this section of Brown County. It has 
completed one line running south of Sleepy Eye to lake Hanska, 
about fifteen miles. 


TRENTON, N. J.—The American Telephone and Telegraph Com- 
any has been granted permission to construct its line over county 
voads and bridges in West Windsor and Lawrence townships. The 
work is to be done under the supervision of County Engineer 
Eppele and the company is to give a $500 bond. 


REITZ, PA.—The Central Telephone Company, of Somerset 
County, a recently formed corporation, has completed its telephone 
lines to Forward, Reitz and Central City, Somerset County. These 
exchanges are reached over the Somerset Telephone Company’s line 
through Hooversville. It is expected that within a short time the 
company will have completed its rural lines to Buckstown and 
Shanksville. 


SAN BERNARDINO, CAL.—Plans are being made to install a 
telephone system in the Mojave desert. The route includes a line 
from Needles to San Bernardino, also down the west side of the 
Colorado river to the Santa Fe bridge, and thence to Parker. 
Another line will extend from Ibex, a station on the Santa Fe, to 
Searchlight, Nev., and still another will reach from Barstow to 
Johannesburg and Kramer. Other lines under contemplation will 
take in all the towns along the Salt lake as far as Las Vegas, from 
which place a wire line will be built to Bullfrog and thence to 
Tenopah. 


CLEVELAND, OHIO—At a recent meeting the Chagrin Falls 
Telephone Company, the controlling stock of which was recently 
purchased by J. B. Hoge, secretary and treasurer of the Cuyahoga 
Telephone Company, was reorganized by electing J. B. Hoge, presi- 
dent; C. H. Hubbell, Chagrin Falls, vice-president; B. H. Lang, 
Cleveland, secretary and treasurer; J. B. Hoge, B. H. Lang, C. Y. 
McVeigh, Cleveland, directors to fill the vacancies caused by the 
resignations of J. W. Hutchinson and L. S. Hubbell, and by the 
death of W. D. Brewster, of Chagrin Falls; C. Y. McVeigh, manag- 
ing director; L. S. Hubbell, Chagrin Falls, local manager. 


NEW LEXINGTON, OHIO—The Perry County Telephone Com- 
pany, with headquarters in New Lexington, has organized for the 
purpose of taking over the properties of the Sunday Creek Valley 
Telephone Company and the Central Union operating in Perry 
‘County. The new company, which is made up of soiely local 
capitalists, will operate in every town in the county and outside of, 
using the long-distance lines of the Bell company, will be strictly 
independent. The officers of the new company are: president, E. S. 
_ Martin; vice-president, William A. Allen; secretary, T. M. Potter, 
and treasurer, C. B. Enlow. Including the above officers the direc- 
tors are G. C. Davis, George C. Forquer, Daniel C. Jenkins and 
G. W. Spring, John Amberg and Henry Steffin. 
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ELECTRIC RAILWAYS. 
NEW YORK, N. Y.—The Yonkers common council has granted 
a franchise to the Bronx, Yonkers & White Plains Railway. 


CHAMBERSBURG, PA.—The Chambersburg & Gettysburg Elec- 
tric Railway Company is to extend its lines to Greencastle, New 
Franklin, Brown’s Mill and Middleburg. 

KALAMAZOO, MICH.—The construction on the Kalamazoo, Lake 
Shore & Chicago electric road, which will connect Kalamazoo with 
South Haven, with spurs running to Saugatuck and Benton Harbor, 
has been begun at the South Haven end of the line. 

LANSING, MICH.—Practically every foot of the right of way 
for an electric railway from Detroit to Lansing has been arranged 
for. Eastern capital has been interested, ensuring the necessary 
financial backing. The road will likely be built next year. 

ALEXANDRIA, LA.—The board of directors of the Alexandria 
Electric Street Car Company has awarded to G. U. Borde, of New 
Orleans, the contract to build the line. Work will commence in 
sixty days. Four and a half miles are to be built in twelve months 
and the balance as soon as practicable. 

MEDIA, PA.—The Millard & McGraw Construction Company has 
been given the contract for the widening of the right of way, making 
an extension to, and for the reconstruction of the Ardmore & Llanerch 
Street Railway through Haverford township, Delaware County, and 
Lower Merion township, Montgomery County. 

BATH, N. Y.—At a meeting of the board of directors of the 

Branchport & Hornellsville Electric Railroad Company it was voted 
to increase the capital stock of the corporation from $50,000 to 
$2,500,000, which is considered sufficient to undertake the construc- 
tion of the road, ensure its completion and proper equipment. All 
of the directors were present in person or by representative. 
‘ WILMINGTON, N. C.—The surveyors have completed the work 
‘of surveying two routes between Durham and Raleigh for the trolley 
line. One route is by way of Leesville and will enter Raleigh 
by Sanders street. This route is twenty-one miles in length to a 
site near the city limits of Raleigh. The other route, by Nelson, 
Morrisville and Cary, entering Raleigh by Hillsboro street, is twenty- 
five miles. It is expected that work will begin on this line some 
time this year. 

NEW HAVEN, CT.—The Branford trolley line, five miles long, 
running from East Haven to Branford and connecting in East 
Haven with the tracks of the Consolidated Railway Company, has 
been bought by the latter company. The road has an authorized 
capital stock of $600,000, $300,000 of which has been issued, and 
has authority to acquire gas, water and electric properties. It has 
always been operated by the cars of the New Haven trolley sys- 
tem. A. M. Young, president of the Connecticut Railway and Light- 
ing Company, is one of the principal owners in the Branford com- 
pany. Senator A. E. Hammer, of Branford, is president. 


SPRINGFIELD, ILL.—Articles of incorporation have been filed 
with the secretary of state for the Sangamon Valley Railroad Com- 
pany. The principal office is to be in Springfield, and the incor- 
porators are George M. Skelly, Charles T. Bisch and Silas Morrow, 
all of Springfield. The object is, according to the articles filed, to 
construct an interurban electric railway from Decatur by way of 
Shelbyville, Moweaqua, Taylorville, Mechanicsburg, Clear Lake, 
Springfield, Petersburg, Chandlerville, Rushville and Mount Sterling 
to Quincy. Branches will be run from Springfield to Tallula; from 
Petersburg to Fancy Prairie, Sweetwater and Greenview to Lincoln: 
also from Springfield to Crofton via Pleasant Plains, Ashland, Win- 
chester and Pittsfield. The nominal capital is $2,500. 


NEW YORK, N. Y.—At a meeting of the board of directors of 
the New York, Westchester & Boston Railway Company, on June 29, 
Marsden J. Perry, of Providence, R. I., was elected a director of the 
company and a member of the executive committee. Mr. Perry is 
largely interested in electric roads throughout New England, and 
is president of the Rhode Island Traction Company, the stock of 
which company is controlled by the United Gas Improvement Com- 
pany. Including Mr. Perry, the Westchester directorate now stands 
as follows: William Lanman Bull, William H. Buckley, attorney, 
New York; Evans R. Dick, Andrew Freedman, John B. Jackson, 
Charles E. Lewis, New York; John R. McAllister, William Barclay 
Parsons, engineer; Marsden J. Perry, Robert C. Pruyn, Robert E. 
Robinson, Frederick W. Whitridge, New York; H. Carroll Win- 
chester. 
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INDUSTRIAL ITEMS. 











THE AITON MACHINE COMPANY, New York city, announces 
that it has removed its New York office to 126 Liberty street. 


THE WESTINGHOUSE ELECTRIC AND MANUFACTURING 
COMPANY’S Los Angeles (Cal.) office, which has heretofore been 
in the Trust Building, has been removed to 257 South Main street. 


THE MASSIE WIRELESS TELEGRAPH COMPANY, 4 Market 
square, Providence, R. I., is distributing a circular calling atten- 
tion to the development and installation of the Massie system of 
wireless telegraphy. This circular may be secured upon request. 


ERNEST H. DU VIVIER, 14 Church street, New York city, is 
the United States representative for Jules Richard, manufacturer 
of accurate measuring and recording instruments for all scientific 
and industrial purposes. Catalogues will be sent upon application. 


THE ELECTRIC STORAGE BATTERY COMPANY, Philadel- 
phia, Pa., has issued two interesting bulletins, No. 93 and No. 94, 
describing, respectively, the carbon regulator for automatic booster 
control, and the application of storage batteries to electric vehicles. 


G. M. GEST, New York and Cincinnati, the expert subway contrac- 
tor, has been awarded a large contract in New Orleans, La., for the 
extension of the subway system of the Cumberland Telephone and 
Telegraph Company. This is an extension to the original system 
which the same firm installed years ago. 


THE JEFFREY MANUFACTURING COMPANY, Columbus, Ohio,’ 


has published a new catalogue descriptive of Jeffrey screens. These 
screens are made to order in sizes and styles to suit the require- 
ments. The catalogue shows a large variety of screens for various 
applications, and will be sent upon request, together with prices. 


THE PERU ELECTRIC MANUFACTURING COMPANY, Peru, 
Ind., has issued a complete bulletin on its new line of National Code 
standard cartridge fuse blocks, with tables of dimensions of clips 
and terminals for tablet and switchboard work. This includes a 
complete line of blocks of 0-30 and 31-60 amperes, 250 and 600 volts 
capacity, all of which are fully illustrated. 


THE AUTOMATIC VENTILATOR COMPANY has removed its 
offices to the American Surety Building, 100 Broadway, New York 
city. This company is meeting with much success in placing its 
ventilators on steam and electric railways, and has recently received 
a number of large orders from important roads. The ventilator 
becomes very popular as soon as it is installed. 


THE WILLARD STORAGE BATTERY COMPANY, Cleveland, 
Ohio, announces that since moving to its new factory at 27-31 
Academy street it has made rapid progress in getting into first- 
class operating condition, and is now turning out one-third of the 
usual amount of material. The main office and works of the com- 
pany, as is well known, were burned out on June 26. 


THE DALE COMPANY, New York city, met with a serious loss 
by fire at its offices and factory, Thirteenth and Hudson streets. The 
large stock was almost completely destroyed, but fortunately the 
offices and machinery were only damaged by water. Mr. Dale 
expects to have the establishment in good running order in about 
another week when orders can be filled as promptly as_ before. 
The loss is fully covered by insurance. 


THE ALLIS-CHALMERS COMPANY, Milwaukee, Wis., in cata- 
logue No. 124 describes and illustrates the “Overstrom” concen- 
trator. The “Overstrom” table for concentrating ores and recovering 
values from tailings and slimes is a diagonal table. It is placed 
diagonal to the line of reciprocation, and the three forces---gravity, 
reciprocating motion, and flow of wash water—assist in the action 
of the apparatus. 


THE NORTHERN ELECTRICAL MANUFACTURING COM- 
PANY, Madison, Wis., has issued a new bulletin describing 
grinders and buffing equipments. This bulletin is designated as 
No. 48. The “Northern” electric emery grinders are of special de- 
sign and construction, including heavy crucible tool steel armature 
shafts, liberal bearings and dustproof covers. The standard emery 
grinders and buffing lathes are equipped with speed-regulating de- 
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vices, so that the speed of the grinding and buffing wheels can be 
varied to compensate for the varying diameters of the wheels. 


THE AMERICAN ELECTRIC FUSE COMPANY, Chicago, II1., 
is distributing a handsome brochure setting forth a report by James 
C. Kelsey, professor of telephony and civil engineering at Purdue 
University, Lafayette, Ind., concerning a number of tests made on 
a bank of Kaisling protectors taken from regular stock at the 
factory at Adrian, Mich. The conclusions reached by Professor 
Kelsey are highly commendatory of the action of these protectors. 
The report may be secured upon application to the company. 


THE MUNICIPAL ENGINEERING AND CONTRACTING Com. 
PANY, Railway Exchange Building, Chicago, I1l., has issued a book- 
let of instructions to agents containing some valuable information 
concerning cement. This book of instructions has been prepared 
to facilitate the introduction of the ‘‘Chicago” jmproved cube con- 
crete mixer. This mixer is built in several sizes, is a self-contained 
apparatus, and is stated by the company to have achieved results 
in the economical handling of concrete which are remarkable. The 
booklet may be secured upon request. 


THB ELECTRO-DYNAMIC COMPANY, Bayonne, N. J., will have 
an exhibit at space 13, department “A,” during the Internationai 
Electrical Exhibition, Mechanics’ Hall, Boston, Mass., July 15-22. 
The exhibit will consist of one of the company’s type “5-S” four-to- 
one “Interpole’” variable-speed motors belted to a generator. This 
motor will be reversed under all of the above conditions of load and 
speed, and will show results which the company states have never 
been obtained heretofore in the operation of electric motors, either 
for constant or variable-speed work. There will also be on exhibi- 
tion different sizes of motors running from one horse-power at 
a speed ratio of four to one, up to ten horse-power at a speed ratio 
of four to one. The exhibit will cover 123 distinct varieties of 
motors. 


THE CROCKER-WHEELER COMPANY, Ampere, N. J., has pub- 
lished two very interesting pamphlets for distribution to those inter- 
ested in power-station installation. Bulletin No. 53 describes and illus- 
trates direct-current lighting and power generators. In addition to 
a number of views of typical installations, detailed examples are 
given of the construction of the engine-type generators. A valuable 
publication is that entitled “An Electrified Railway Shop Described 
by Its Mechanical Engineer.” This is an abridged reprint of a series 
of articles on “The Application of Individual Motor Drives to Old 
Machine Tools,’ by Roy V. Wright, then mechanical engineer of 
the Pittsburg & Lake Erie Railroad, and now associate editor of 
the American Engineer and Railroad Journal, in which publication 
the articles originally appeared. : 


NEW MANUFACTURING COMPANIES. 


NEW YORK, N. Y.—The Crestmoor Manufacturing and Supply 
Company has been organized with a capital of $50,000, to manufac- 
ture mechanical and electrical appliances. The incorporators are 
Robert L. Woolley, Harry J. Robinson, New York city; Emma K. 
Chattle, Brooklyn. 


AUGUSTA, ME.—The Automatic Telephone Manufacturing Com- 
pany has been incorporated to manufacture telephones. The capital 
is $200,000, and the officers are: president, L. J. Coleman, Gardiner, 
Me.; treasurer, W. S. Lee, of Augusta, Me. 


CHICAGO, ILL.—The Aetna Electric Stage Lighting Company 
has been incorporated by John A. Jacini, Herman. M. Pletz and 
George H. Graeser. The capital is $600. 


CHICAGO, ILL.—The Interior Electric Construction Company 
has been incorporated to manufacture electrical appliances. The 
capital is $2,500, and the incorporators are Robert Gibson, Fred 
Grant and Henry MclIver. 


BANGOR, ME.—The Palmer Electrical Company has been formed 
to do a general electrical business. The capital is $500,000, and the 
officers are: president, C. D. Shaw, Greenville, Me.; treasurer, R. M. 
Palmer, Cambridge, Mass. 


NEWBURGH, N. Y.—The Electric Device Company has been 
formed to manufacture electrical devices. The capital stock is 
$5,000. The incorporators are I. Ludlow Chrystie, H. I. Brightman, 
John L. Bissell, New York city. 








